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AESTRACT

the Ediaon araa la in tha Hav Jersey Highlands three nil«» south 

of Franklin, Bow Jersey and is a part cf a structural block, vfaieh 

trends northeast and is bounded by high-f*ngle faults on the northwest 

ar^l southeast. An older conplox o** sedimentary rocks (Gronville typo)* 

ra-difiod by regional metararph! as and yaetaoorvatisn and Intruded by- 

younger ignesua rocks, underlies tho region, Lithologio units define 

a raajor anticline which plunges 30° northeast and is overturned to 

the northwest. Foliation and linoation are stniotxires v/ithln litho- 

lo^lo imits. In the Edison area ^agnetito ora sonea are tabular- 

shaped bodies vliich pinch-out in tho foliation pinna in a direction 

parallel to tho lineution.

The Edison gneiss, & saajor litbologio unit in tho Edison areat 

is divided into four eubunita. Tho adxod j.-neicc aubunit is a co?iiplex 

of interlayered gneicsos, pegaatite and magnetite sonos. Qtiarta, 

K-feldspar and rsa ;netite ara aa^or aineralsf minor is^ner&ls i»._^Co 

biotitc, silllrsanito, garnet, il^cnohcKiatite, apatit©, i^onaalte, 

airoon, he^oilsi^iite, ila®rdtef rutile, najrtita and sulfidas. Hsgne- 

tito-quarta-I-fcldapar rneiss is prodoriin'jnt bat lexers with netasedi- 

sjentarv affinity are abundant. The biotite-quarts-feldspar f-peisa sub- 

unit is oosaposod of oligoclase, K-feldspar, biotite and garnot with 

hornblende, Uxenoaagnetite, ilmenite, and apatite, 

qtjarta gneiss (lirae-rioii subunit) with layers varying frons 

to quarts-feldspar gneiss i» oon^osa' of quartz, oligoolas®, raicrooliao,



epidote, *oapolite, actiaolite, salitc, phlogopite} and sphere, 

caloite, raa metlte, raartite, ilraeitohesiatite, and garnet* The quarts- 

K-feldspor gneiss is ft unifom eubunit eofapoaed of perthitie K~feld- 

cpar, ^araet, ilmonomagnetito, biotite and airoon. Wall rocks to 

these subunits are of irneous origin and include pyroxene eyerdt© 

gneiss, honibl?m(?c granite fcikl vyroxcno granite.

X-ray obaccnr^tione provo t'-iat r f old spar frors nagnotit^-rich 

layers ie Tsocaclinic, bat K-fcldsjair from naKnetite-quarts-K-feldspar 

gneiss is nJcrDcline vith 0.9 triolinicity. K^feldsmr from biotit&- 

q'.nrts- feldspar taeias and our.rts-£~f old spar gnaisB is e inixture of 

triclinic and rjoriDcllnie pol^tiorphs,

Tlio prlrtar/ iron-titaniuri oxida puragencsis in th® Edison unit in 

cludes ilacnorsa^otitc, il?ieaitef he^atito, hsr^iliieaite, ilscmohe^a- 

tito, rutilo-iLTiKiDha'^tite, rutilohec&tlte, heeiorutile and rutil«s» 

:^?netits is altered to uirtite. T\ie other intergrovths aro cixsol'o- 

tion. products. A tentative onb^olidos teKjperatiirs>-coi^>o3ition diagr&a 

for the hot!istita>-i3^ snit «»rutile syetin is presented.

The chcsalcal composition of Eja,enetit©-qi^irt&-K-ffcldspar gneis« is 

ei^ailar to sillia-inito-qxiarts-ralcrccline granite gnoisa of the Miroc- 

dacks vhidi ie a metasom&tisod ir-stascsdirioat. In the mixed f*.;nelss sub- 

xialt, Ba and Ha aro canriched in nsagnetito layers; 7i02 varies from 0.2 

to 2.0 vt. % and occurs in a constant proportion to iron; s\jlfur (0.01 

to 0.5 wt. %} is fro** sulfides ^dch cryatallized latctr than mgnotltej 

phosphorus (0*1 - 0,8 vt, %) and iron (up to 60 vt. %) are in a con 

stant ratio vhich is balieved to be a reflection of the composition of



a parent ore fluid. Prixaary hematite IB enriched over na,:oetite 

In rooka of metaaediaentary type and the Bagnetitel'hemtite ratio 

(oxidation degree) decreases linearly vith increase in total iron.

Rev thenaodynaMc calculations enabled the construction of uni- 

variant isobars for the naroetito-hsssatite reaction (STe^O^ + Jo^ = 

3Fe20j) and vater reaction (2H^ + ^2 c 21*2"-) for tenporatures fros 

25° - 1300°C and prosn-.iros fror'i 1 - 7000 et-is, Aasunia^ fc 

henatlto fonaad at cquilibrlurd at a given te^pcratuFQ anr! 

tho eqailibriua p(-2) and p(K£) for the pctrolopio s/atcsi £.rs 

directly fron the univarianV.curves* The univr.risnt cui-vos indicate 

that in cooling from a nia^otito-ha^atito equilibrium thrr-j is s 

tinu^l proi2uction of *cDcec£S M ^2 (due to KjO diB3oa5jati--»n) ea 

i3a %*netlte is contirr.ially oxidised to licnatite; beneof rtrtits IP con- 

slclerod a retrograde nlner&l.

It is concluded that tha ^JLxe-' giicdfls sabmit reprecr^ts cjrjillfi- 

ceou.3 and aronaceous scdirjos'tfitry roakj v^iicli l^sva bsor. recrystalllsed 

to gneissos of a^phlbolite gra^o \r/ regional Detar^rphisi and recon 

stituted b/ Fe-and-K-fseta^onatisn. Sisdlarly, the llraa-rlch eubunit

by th© regi^niil netsinorp'iier) fend K-?aetaso»3atlc^ of calcareous 

rooks. The Motite-qusrt*-fel<*.cpftr i^aeisc 5s a facsimile 

of gneisses in tha Adirondaclcc which are regional Bsetaraorphosed 

bolits gra'le} and K-^etascn^tizad graywacke. The quarts-K 

gneiss crystsllizedi directly fro;s the K-rlch fluids vhich 

reconctltuted the other gneisses*



-wi

i&agnetite deposits in the mixed gneiss submit forced during 

regions! Btetauaarphisai end metftsoraatiBa* The initial source of the 

iron was from residual fluids developed froa the progressive crystalli 

sation of granitic raa;*raa. Sa»e of the ferric iron my be of 

tcory (e^ogeno) origin. The irofc-rich fluids pcsraoatec* &r*i n 

cally replRcod the co-existing rock nftteriel.



INTRODUCTION

The Franklin Puroaoe area occupies about 70 square dilos in Suasox 

an: llorris counties, New Jerooy, and includes parts of tho Franklin 

}*um*ce, Hamburg, Kovfcundland, U'avayanda, Dover, and CtorJiope 7 1/2 

r.lrmte rmac)ro/jg3ec» Tho area is about 14 railes long extending from ; 

;rood;x>rtj Utew Jersey on the southeast to Vernon, New Jersey en the 

northaart, and is from 3 to 6 Hallos in avarag© width* Kew York City is 

r.bout 40 miles to tha couthecst (wa Figure 1.)

Tlia Franklin Furnaco nroa is vithin the I?sw Jersey Hi^hl-jids 1/15 ch 

is vithin tho Reading Prong of ths Kew Enjlnnd physlocraphio province* 

The- arcs, is characterised by northeast tronding ridg-as that oz*e separated 

by l.road a-od narrow valleys* Altitudes rango fron 5,90 to X/,00 feet. 7h^ 

toix>gr«p!iy is tjo£'-T£tely ru-^fjc-d and vas d^Talopod ty ptrav. e-ronion x.^'cb 

v.is cM-.trollod by tha structure and litholory of the bodrook* Floistoec-vjo 

cTlrc; gtioia bcs Esoaified the pro-existing fluvial erosion patt^^n to differ 

ent i!esr«?es» T^o ar-sa is «c»H north of the terminal norcine of the 

VM.3coasin etn=:e of glaciatioa r>o that bedrock exporarss are very mcr^rouG 

although sorns email arsas are covered with glacial drift, Tha uplands 

of tho area arc uooded vdth e^oond-crowth forast and have abundant bedrock 

exj>oeuree« 1'ha lowinndo of th-3 area t£>ioh are olaorcd and far,r^d have 

reliitively few bf-drook expororos*

The Kdicon oroa is located near th? centor of the Franklin Furores 

ares at lAlioon, liew Jersey v^5ch is 2 nilas southeast of tha villa^o of 

Ggdensburg. The Eldieon area is about 2 miles long and a mile vide* Within 

this area are the Edieon msgnetito dej osite. These magn&tite deposits and



PENNSYLVANIA

"r"'^'y,,-.<</,/j,SMMp IWVtK 

L^miW AREA !

Tigure 1. Index map showing the location of the 

Franklin Furnace area, Sussex and Morris counties, 

N. J. Dover district (Sims, 1955) and. Sterling

Lake-Ringwood district (Hotz, 1952) are also shown.
\

(Figure modified after Sims, 1955 )
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associated rocks are the principal subject of this report.

During the summers of 1952 and 1953 the writer assisted A. F. 

Buddington in the areal geologic mapping of the pre-Cambrian rocks of 

much of the Franklin Furnace area for the U. S. Geological Survey. 

During these summers about six weeks were spent in the detailed geologic 

mapping and study of the Edison area. The base nap for the Edison area 

wos prepared from a plane table rairvey nade by A. F. Bud 'ington during 

tho sunnier of 1951   IMring the years 1952-54 laboratory rtudies on rock 

sanplos collected from the Edison area v;ere carried on in the geology 

dcpartnont of Princoton University. The laboratory v:ork included the 

study of 150 thin end 50 polished sections. In addition a nuriber of 

chemical analyson of rocks and minerals from the Edison area and 

Franklin Furnace crea v/ore obtained. The writer did a p.ir.ll nnount of 

X-ray vjork during the year 1953-54-.

The purpose of this research \,-as to describe the nctrre of the 

najnetite deposits and clof^ly nllied rocks in tho Edison rroc. In the 

first part of this report a sunnary of the regional geology- is presented, 

The bulk of the descriptive data are presented in the record port of the 

report. In the last part of the report the descriptive data are 

synthesized in an attempt to explain the genesis of the magnetite 

deposits and rocks of the Edison area.

The cooperation of the Edison Company for raaking available the 

na^netic anomaly map of the Edison area and other useful data is 

gratefully acknowledged. In addition the generosity of the Pittsburgh 

Coke and Iron Company for making available the drill core fron seven 

holes which they drilled in 1943 is gratefully acknowledged.



The writer is gratefully indebted to Mr. Cleaves L. Rogers of the 

U. S. Geological Survey for helpful geologic data which he collected 

during an earlier phase of the study of the Edison area*

The writer is greatly indebted to A. F. Buddington of Princeton 

University for guidance and counrel during the course of the investigation.
* .   , ,   '. * -'f ' rl 1 I   /;---, y « T.' - Y . - . . , . . -,     ' :

The sagjport of. the U. S. Geological Survey, ^r^*he^~f^l^^~ane^-pert '-«f tho

is {?rcrteft3lly sckyx^leiig'od. The partial chenicsl 

onal;,r?es of the iron and titardun oxides v/ere nacle by J, Fahey and A. 

Vligidis of the U. S. Geological Survey. The additional chemical analyses 

v?ere furnished by Princeton University.
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CHAPTER 1 

REGIONAL GEOLOGIC SETT1HG

In order to describe and interpret the detailed studies of the 

Edison area it io necessary to obtain a reasonably complete picture of 

the regional geologic setting. It is the jftirpooe of this part to es 

tablish this prerequisite dencriptive background, DO that the detailed 

studies nssy be evaluated with an understanding of the regional geologi 

picture and not in the light of a few detailed obcorvations v£i5ch rsay 

vary deceptive when viewed alone.

The liow Jersey Highlands is a phyr-io^raphic pro vine 3 in t^a northara 

pert of tho state which is eharactori«:-?d by greater elo\nticn and relief 

than the coaotal plain ?Jid Triasnic lowlands to the south. The Hi^hljindc 

are underlain by pro-Carr/brian and Paleozoic rooks and form a portion of 

the Reading Prong. The Baading Irong extends for a total of 350 miles 

from the southwest near Reading, Pennsylvania to the northeast ao far as 

Vomont. It has a maxiiiun vidth in the flew Jercoy Highlands were it 

averages about 15 miles. The northwest boundary of the Haw Jersey Highlands, 

and hence the Reading Prong, is adjacent to the northeast continuation of 

the Great Valley physiographic pro vino©. In Hew Jersey the Great Valley 

is as narrow as 8 to 10 aileo and is underlain by CaBbro-Ordivician



defomod sedimentary rooks. The Nev Jersey Highlands, and henoe the 

Reading Prong, terminate on the southeast along a high angle fault 

against the Triassic rocks of the Newark series* To the south went the 

Reading Prong continually narrows until near Heading, Pennsylvania It 

disappears between fault contacts against Trlacsic rooks and fault and 

unconforrr-able ccntccte uraingt FaiLeozoic rocks. In its northern extension 

the T.o*din2 rrong forms a thin slice of pro-Canbricn rocl:s which are 

cften in thruct contact with Jeleozoic roeka on the east and went, Thaca 

faults *re probably of Taconic agaj however, the exact relationships of 

the pre~Carbrlan to the Paleozoic in the region north of New Jersey ia 

often unknown*

iL4§ifi£isal
Despite thsir accessibility tha pro«Cantrian rocka of the Hew Jersey 

h'i£hl«fcdfi have been the subjeat of few coKprohsnsivfc studies. The r^ost
V

Ii:i;.>ortnnt early ^eolcr;Ic otudicc that vsre L'.:5ia in the region tire tbosa 

of Fxo^e-o (1S36, ia/,0), KitohoU (1856), Cook (Ic63) f iutnsa (1SS6), 

Kason (1S39), *cl£f (Io9^) f Bayljy (1908, 1910, 19U)» Sponcsr (1903), 

a.nd Suith (1933)  Earlier geologiats wore concerned chiefly with the 

exploration and -production of ore deposits. The report of Bayley (1910) 

is the rcost coivolote source of data on the iron mires and mining in the 

region, but it gives only a brief susrary of the geology. Tho first 

conprehcnsive geologic work was done by Spencer (1908) vho divided the 

pro-Cambrian rocks Into the following catagorles, (1) Poohuck gneiss, a 

general field term applied to dark isafie gneisses (see Hotz, 1953 for a 

ccriplote discussion of the torn), (2) Franklin marble, (3) Losee gneiss, 

granitic gneisses distinguished by light color and the predominance of



r

, and (A) the Byraa gneiss, granitic rooks with predominant 

K-feldepar. Gpenoer postulated that the Loseo and Byran gnoiosee ware 

of ignaouo origin but regarded the Poohuck as of unknown origin. This 

classification of the pre-Oanbrian rocko of the New Jersey highlands, has 

been u&sd by isany vorkers; howover, detailed g^olo^ic napping and potro- 

pranhic &tu3y indicate that r;>3nQsr f B classification ie vary inadequate. 

Hence, no. atteinpt is made in tide rer>ort to utilise this claeclficstlon.

Fcaner (1914-) in c, elastic papsr presented a v^alth of i-lsae 

cor.ocrniiis tho origin of ths gnoinr?ja of tha Mev Jersey Hi^hlanclo. From 

his detailed etudico of n Kr.aU. area be projx?E-:;d th-it the gnoiesos origi- 

nsted throHg^j, Ba prooesn involving tho inJ-.-.cticn of a thinly fluid 

ifranitic na^ia bet wan the "» v^rn of r.n ori^innl rocV: of ItnJjnrited struc 

ture, n In addition he jointed out that str-oicturoe within the prtoins 

indicate rthat the proete." of injccticn vis carried cut in a ccpt quiet 

ins] r.ra'iM".! riainorj rind pr>rc2r;;:'r;d rar.y of tho ch^v^at-orli'tlt^a of a 

^il.ctli^tion of tho original -.aatsrial by the r.r.j.:..itlc colntion rathc-r 

than the featurss of & violent intrusion.*

Tho isost rooent and cor.prehenci'VQ geologic stuiios in t«hs Kcw Jersey 

Highl.- nijs have boon don© by various geologists associated vith the U. S, 

Geological Sui-vsy (Gims rjid leonard 1952, Hotss, 1953, Sins 1950, and 

1953). All thesa geologists bavo reco^ised two broad categories of 

prs-Canbrian rocks, (1) those of isetnsodirentary origin, and (2) thooe 

of igneous ori£;in» In addition rocks of coisplex origin, i. e. sigmntites, 

net^sotjites, etc*, havs bc^n reconfirmed. Tiro cor.corxsuo anong later 

geologists is that the greatest part of the rochs of igneoue origin ware 

intruded into the older inetasodirrentsry rocks, "during the waning stages



of the teotonie activity that deformed the earlier rooks ," (Kotz, 1953)* 

In all case a only one major period of pre-C&mbrian tectonic activity with 

its consequent igneous activity is recognized.

£o thg Adirondack^

Engel and £r.gel (1953) have called attention to the clos8 similarity 

between the Gr^nville series, a« found in the Grenville subprovlnco of 

Canada and tbo Adirondacks, end many of iho pre-Canbrinn ^nairnon of Hov 

Jaroey. Tha Franklin Garble is analogous to tha Grenville marbles of the 

AdirondackOf and in nrHition many of the piragnoiscos of the two regions 

are vsry similar. Kcp: dally striking are the siKilarities between 

1:iotitc«-qU£:rt2>-pla|:iocl'j,so gnelsssa fron the twa rations* Tho avt-raco 

oboadcal composition of cuch paragnoisr froiu the northusst A.d5.rondrioks 

(Fdit-ol and Engel, 1953) is listed in T^blo 1 together with a cinL'le

cherJ.cal analysis for tho sane tj^po of pare^ic-ins fron the Hoi; Jersc-y Hirh-
^ 

lands. rltia cir.llarity in c!)sr,icnl CO.TJ ocition is v^ry cloio. It aj^ai'S

eonclusivs Uiat in^ay of the {nieicses of th^ "ou Jersey ni f;bl^nJs are of 

Grenville type in the oense thxt they are litholo^icaUy eirdlar to but 

possibly of different ape froa the charr.ot-orictic frieissss of the Gronville 

snbprovince proper*

Thus, the r.ost important general cc-.^ctrison is that both tha 

Adirondacks and the Now Jersey Hinhl&nda are characterized by an older 

complex of rudimentary rocks (Grenville series in the AdirondasV;-:) ur^lch 

have been prreatly nodif iod by regional metanorphlssi and netaDoraticji and 

uiiioh aro Sjtxtrudod by yoxac;&r igneous rocks. Uowsver§ the t\jo regions 

differ in soz»ie reepectc* Ho major anorthosite bodies have been located 

in the How Jersey Highlands although soirie small siaeseo have been mapped



Tablo 1* Choalool coapoaitlon of (gnij^iltio)-biotlte--qusrt>-ollcaQlaBe 
gnolss from th« Hw Jersey Hl^hlsysds, tabulate vlth th« aver 
age composition of a alrdlar 0&eiaa from tht Sorthvoot 
Adlrondaoka and vlth the average oonpoaition of font grayxmckt

S102

T102

Aljpj

Po^Oo

<?oO

ISfl

.' <*o
CoO

 "2°
E2<K
HaO

*? >

(W

pao^

C02

s
Total

W-1663

67.69

0.46

15.99

0.64

2.42

0.05

1.16

2.88

4.64

2.85

0.16

0.35

o.u
0.16

0.04

0.04

S9.70

QU

70.90

0.32

12.17

1.31

4.12

0.04

2.32

1.55

3.74

2. (37

0.21

0.05

99.60

A

6^.69

0.40

13.53

0.74

3.10

0.01

2.00

1.95

4.21

1.71

2. 08

0.26

0.10

0.23

100.01

B

64.2

0.5

14.1

1.0

4.2

0.1

2.9

3.5

3.4

2.0

2.1

0.1

0.1

1.6

97.8

cornor of J*evfo:mcllaai Qufi/lraa^le, Z»ew Jersey

Qbti «  Analysis of coaposlto aaaiple of 24 least altctrocf layorn of quartz^ 
biottto-ollgoelKse i^noisa (after Bigel and Jfegel, 1953f p. 10S5).

A - Average of 3 analyses, Prenolscau graywacsJr© (aftor 1Mlaf 3frrof 1943 » 
p. 136).

B - Average of 11 fra :naclre*j (t,rter P^ttijohn, n/,9, p. 250).



in Pennsylvania (Btxscom and Ctoee, 1938 and Efcdth, 1923)* This ia in 

marked contrast to the nitration in the Adirond?.cka» Also rocks of 

cataclaetic origin are lacking in the Hew Jersey Highlands, vfceraae they 

are vory conspicuous in the northvent Adirondacks (Buddin^ton, 1939)   

To date only & single major period of ifneouo ttotivity is recognised in 

the Ksv Jersey Highlands, but in the A'lironiac!:s at least three distinct 

periods of igneous activity aro "stablio!<.2d (r-uddington, 1939, 1952). 

Finally, the crc.de of netorxj^shica in the Kav Jtrsey Highlands as wall ac 

it is knoicj is the ar^hibolite faciSec, wheroac in tlie /dironcSacks the 

crc»3a turioe frcn the J3t»phttx>15>.tc to the £rnr-nlit3 facie c ( 

1952, p. 79-83).

R F\;s-n ;ca area 5r,rlu:icp 11 o" '-h3 F 

quadrangle and Much of the adjacent qv«r-Vrar...^l&s (Figaro 2)» The following 

section attempts to decerilo t>hs principal otructural acoccte of thia nroa§

blocko

The area in divided into cepp.r^le f, vj.lt blocks by high an^le f north 

east trending fntilts. The prc-Canbrian i-c-cK-d ha\-B been faulted against 

youncf>r Palooi;oic rooks and other p-x^-.CT.l&'iija roc?:s. It la very likaly 

that K&X& of the fault 0 are of pre-O^brian '"i£Q, and there is evidonoe 

i^iich sugr^ftts that pre~C^Tibr5an faults ycre rejuvenated during a lator 

period. However f as the youngest displaced rocks are of Devonian ape> 

(Skunnenunk con^ loenerate , Hpenccr et nl., 190B) pone of the faulting must
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be post Devonian* These faults arc similar to the Trinssio-Jurassic 

faults of the Newark basin f BO it is very likely that scene of tho faulting 

in the Hew Jersey Highlands could be of similar age*

Within the Franklin Furnace ar»*e four etmotural blocks separated 

by such faults are well defined (Figure 2). The Franklin Furnace block
M-^-"7""

f.irthoot to the northfrss^ *s a graben and ia underlain raoetly by Paleozoic
A 

rocks vMch are described by Kur^al (1908). The Edicon block is iirur.odi-

italy to the southeast ar*d is underlain entirely by pre-Canbricn rocks. 

Within this block is the Cdieon area* Tha fault which oe-par&tos the 

hdif?on block from the Stoclrholm block becaira appsront only after detailed 

r.tfi^;;ing vrithin the pre-C;inbrian terrain, although th© feult has displaced 

the Faleoaoio rocks at the locality of V^rnon. The Iturdtoin block liss 

on the extreme southeast of the area and is feultod egalnst the Stoakhols: 

bioclc,

Actual exposures of the fault plnnos are vcvy rar»« Hov:^v^.r, the 

sti'aight trends of the fault lines indicate hi^h cnclo fault plnnes. T1'3 

faults hava been traced for distances of 10-12 niloa and nay extend ruch 

farther. No indepandent evidence \t-\3 found uhidh would indicate whothsr 

the faults ware nonaal or reverse types and it is possible that sor.e of 

them oculd be etrike-slip faults. It is vsry difficult to arroes actual 

displace' entaj h^uevor^ vertical offoot Kuct certainly bo on the order 

of 1000 fast or more (%>0no0r, 1908, p« 19), and it is possible that 

horizontal offset on sone of the pre-Csur.brian faults ooul<t be on the 

order of milos. There is usually a narrow zoiia of fracturing on each 

side of the fault. Generally the fractures exre filled with epldote and 

other irJuerale.
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CHAPTER 2 

GENERAL GI/JLOGY OF TKK EDISOH BLOCK

The Edison block is a structural taiit which IB separated on the 

northwest a,*l ccvthe&8t fron the adjacent structural blocks by two cajor 

faults waich trend northeast (Fijure 2). To th« northeast the Edison 

Meek is covered unoonfopr^bly by Paleozoic rocks* Th9 eouthnest limit 

of this block has not besn established* Tlio blocl: is 1'Jiown to hava a 

Disirima length of 14 nilcg and a v.ddth of up to 2.5 &iloc &»d ii3 a long 

narrow horst of pro-Caribrita rocks,

NITS

Within all rujer ytrv-ct'o^al blocks eji'l in particular tv-9 Ldisoa 

block distinct lithologlo units arc rocognizablo, Tho v^nits poBocoG a 

distinct fom and physical contiiraity and hence ara structural units,

^fcst of the lithologic laiits are cosposod of a cdxture of older 

Greavillo typ-a naterloil and yo'ongar int reduced imterialo* Mixing of 

older and younger rock foniinc rr^terials i^ay have boen a rneohanieal f e.g. 

(inject i^n) or a cheuiosl e,g» (n^taaociatio) process or a oombination of 

both. Tha r^oct 3jcn>ortant and difficult problena in the ctudy of th*0e 

rocko ara to dlstin-^niich bet \joen olrlor Grenville type material end younger 

introduced xsatorial and to decipher the nature of tha physical and chemical 

processes which gave rise to the final rook product. Only by the



accucnilfttion of detailed field, petrographio and chemical data can the 

problem bo solved.

Within the Edison block thore are several lithologic unite csnposad 

mostly of Grenvill© type gneiecos. The Edison type gneisses are the noct 

important of this group and are separated into four distinct lltholorjlc 

units v&ich aro dipcucsed S« rjoro detail cub oe quant ly. The I/iison type 

gneincos are largely of r-etsLsodissQntnry end ttttasor&tio origin and include 

r.ueh rooka as jaajnetite iquarta-E-feldspar gneiss, naptictite ora, gariist-

Jotito-quartz gneics, blotSte-qu&rts-foldcpar ^oiss, quarts- 

gnaias, epidouc-ccapnlStc-qu&rta rn^iss^ and various hGniblcride 

and pyroxsne gnoissao.

The largo st proportion of tho Kdiocsn blcok ic cos^ocod of rooks 

vfoieh because of thoir bulk ocnposition and g^-jGral uniformity nrs b^ 

to bo of ultimate igneous origin* The principal isn^oas roeTcs i^i tfca 

Idioon block are hoi*nblendc-«icropc:rth.ite rr-m-lto and alar^ite, \Jh3eh a 

either nix^d with Crcnville -t^^xs £jn6is303 or occur as vuiIfoiTi ^t. A*aeturjL 

units. Of particular interact is a pyroriHsa syenite gneisa iJiioh is 

cso3^x>aod of nicroclino and ollgDaleco \dth 00239 nicrcparthite end f©rro 

augite* Graen vyro'- re granite and alaskite ai'e igL.sou3 rocks of major 

iriportancs in other ctruotvjral blocks but ara cf llsitod oocurrenoe in 

tha iidi^on block.

A quarts~oli£oelaso giieies f v^ich carries uinor gamst, biotite, 

chlorlte, mloroollne and ores f is a najor litholo^ic unit to th^ Edissn 

blook. It is interlayered with sruoh aaphibolite and in places both 

quarts veins and mataquartcite layers are included. It ia difficult to
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this unit vl1& either the older Grenville type gneisses or the younger 

introduced rooks.

AP« relationship^

Within the Edison etructural block rooks of at least two distinct age 

categories are r&cognized* The older group of rocks includes the typos 

which are similar to the Grenville series, 0u«h as the Franklin marble, 

paragneieoes and cocqplex gnoissos of aixad origin* Tho bulk of the igneous 

rocko ffuch ao pyroxsne and hornblende granites and alackitos are younger 

than the Gronville types. A difference in egs is evident in tto vary 

positive ways, (1) the granites ara aluays unnvetanorpliosea or uictlBctly 

less £Btnr.orphos3d thrrn tbe Grenville types, and (2) in nasy places tbcre 

is posltivs evidence that the granites hava ictrudod and crcrs cut.tha 

Grenville rocko. On tho other hand the pyyoaaene syanlts gneiss, v'llch 

is vail netancrphosad, is an exiciplo of an igneous reck vjhich ia older thrji 

the younger (irardtes.

Tho younger granites ore generally eitplr.cad oorforr^bla to th?" 

etructiires of the older Gronvill® rocko in such forno as shoots and 

phacoliths. Ho\»vaT9 in scsaa places tho younger gr&nites crosj>-out 

structiires in the Grenvills rocks. Thus, thare is good evidence that tha 

Grenville rocks had been defomcd prior to the intrusion of t>io v 

^anitas. Hoover, inosnueh as the younger granites are the^ 

slightly deferred, it is probable that they vsre enplaced before the 

cceaplete cossstion of th© tectonic forces responsible for the deformation 

of the older Grenville rocks. Therefore, it is postulated that the 

granites ware emplaced during the waning stages of the regional rseta- 

norphism and are thus paratoctonic or late parateotonie* This inter-



pretation ie in agreement vith Hots (1953) and Sims (1950, 1953)  

STRUCTUflg

The pro-Cambrian lithologio unite within the Edieon block define a 

single cajor anticline as the nost important internal struotura. The 

crest of tho arvticlina (heraaftor the Beaver Lake anticlina) vfcich is 

underlain by ths quirts-oligoclase pneies hac boon traced along tho entire 

knouei length of tho Ldissn block (1A miles). The crost of tbo fold lieo 

about in tha Kidile of the block, trends Rorthenut and has not bean cut 

by eithor border fault. Instead both the northsct ani southeast linbs 

of the fold hava beon truncated at a vary cciall angle by the border 

faults. In coneral the trond of the faults parallels the trsnd of the 

li&!'S of the fold} U.erafore, the latter K4iy havo controlled the dovolop- 

rent of ths fault3. Tho cntioline Is isoclinal and overturned alightly 

to tra northvoct. Th^ r^^ionGl dip of the limbs and ^-rial piano of tho 

fold iv?rac?30 betvoen 7C*-SO* southeast arsd varies from 60* tioutheect to 

SO0 northvi* nt* Linear stractures on the li&ba of tho fold arsd particularly 

along the orost of tha fold indicate a pltinge which varies from 15* to 

/+0* arid averages 25* northeast. Ho southeast plunging linear elements 

ware f o'.i-Kl..

?o3iation and linaation are th*> r^ost Jucportant etructures within 

each litholo^ic unit. Both axi&l plans cleavage and conpositiosal 

layoring are wsll developed. Such foliation is parallel to the ntrike 

of tha lithologio units along the limbs of the fold; indssd, the30 rocfc 

units arc einply largo scale coapositional layers. Host of the llth<"»- 

logic units are greatly thickened along tho crest of the fold and in
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eases a unit is more t^nn five times ec thick at the erect as on the 

limbs* At the crest of the anticline the compositional layers remain 

parallel to the boundaries of the llthologic units, v&oreas cleavage 

often trends acroos the compositional layers, so that It remains parallel 

to the axial plane of the fold* Centrally linaation ic predominant along 

the erect of the fold and frliation dominates in the lirrtbs» In sone 

places lino at ion and foliiti-n cannot !>o dint in^ui shed, beeauca the 

linoar el^crjsnts tend to £rr-vi? in tY.e pl?>no of foliation. It appears that 

linestlon grades into folir.Ioa rod th*t along the orost of the fold thoy 

are genetically equivalent.

Throughout the Edlcon L-lock and Franklin ?um^oe area a vail developed 

set of cross joints v4i5ch rro eiibr oni-cndicular to the linoatton Is p

RTOlj .jjAL i'^LL'^llI^. AliH I^TAT^yVjri^H

Th-3 Granville t^7>3 roc"'j of tV;3 *k--v Jersey Ili^lcTic'a Ivivo been 

modified by both regional rrtarorphisn and ristaaonatieii* It is a difficult 

poorologic tack to separet<? ?-'-o effects of those tvo procesr^a* In most 

cases tsstasonatisn hac been 5u;>crijLposed upon the effects of the regional

Potach rrotasojcatiero ( -ranitiz-vlinn) hag bt»on the rost prevalent kind 

of rotasomatio action* This type is jnogt likoly rolated to toe youni^r 

granites, although it io rcs^ible that the actual BOUTCO ^t r<5tasoni3t3c 

fluids could be frcrs othor Jrenville typa rocks, 1. o. differential 

fusion, etc* Iron nstasocLitifiir. has also been important, and is respon 

sible for the ganesis of &^sy of the magnetite deposits in the Highlands 

region (Sins, 1953)*



Defonaation has accompanied the regional netaraorphicu Thlf has 

produced the foliation, line at ion and folds described previously*

The crada of regional matanorphism Is bast determined fcy a critical

study of particular eetaiaorphlo rocks such as amphibolit« and pyroxene 

syenite gnalsc. The amphibolltes carry no opidote end are thus csrtalnly 

above the grade of the epidote-acphibolits fades, Only a few of the 

enphibolites carry pyroxsne. This sugreets that the presence of pyroxsne 

in GEphibolit.3 is dependent upon the bulk co-vopiticn of tho rook snd not 

upon the pr^stjure and temperature of fornioticn, Koace, tho firsphibolites 

do not belong to the gra^i&HG fades, Tho pyro^&r.Q cyer.ito g,n*;in3

microolino and oligoclaca as v&ll an relic nicroprrthitc* Tho 

hisa has caused the priia*iry nicrcperthite to recr/stallipo into 

dictinot alkali feldspars, rathsr than a oir.rle oolid rolrtic-n f».l>r--\li 

feldspar, v^jjch indicates that the recryctallS sit ion prorably took plc.ca 

at a tenpsratv.re loss them 650*0 (Bo^a and Tuttl^, 195"\ In nd^ltion 

no Eiineral such as garnet which is charecxerHtlc of the jp.\vmlite faci*>si 

as for ejconpla in netomorphosod syenites of the Adircnd^.cks (Bvddin^jton, 

1952) , has developed in this syenite gneiss. It is concluded that ths 

regional fftatarorphisra of the £dison block has been of tha 

grade,

The ma^netits deposits of the. JI«w J"ercr;y Ilighlends are regarded by 

stont geologists as roetasorsatic rt?plece:i?nts of pre>-exlstiag rooks, (Kota, 

1953J Sims, 1950> 1953f Sims and Leonard, 1952), Th© ultimate orinin of 

the iron is postulated to be from the extreme fracti oust ion of granite or



alaskite nagraa. The natter* of the Bsiasomatle. fltiida la postulated as 

pnaunatolitio or hydrothermal. It 10 postulated that position of ore 

bodies Is controlled by the presence of favorable sites for replacements.

Such sites nay be related to nechanieal effects, e.g. microbreociation, 

(Sins, 1950, 1953), or ohcnieal effects, «.g. replacement of warble, 

(.-inis and Leonard, 1952). In either case it is generally proposed

that the structure of the magnetite deposits is inherited frcro the 

ropl^ced country rock,

Tho mgnetite deposits are classified according to the nature of 

the rock In tSilch they occur. In general the deposits in the Now Jersey 

Highlands occur in ths sane kinds of rocka as the nagnatlto deposits in 

the Adirondacks* The r^ost important of theoe are, (1) pyro^ne and 

horihlende sknrna (Sltaa aM I^onard, 1952)j (2) a^phibolite (Kotz, 1953); 

(3) rdcroclin® granite gneiss (leonard, 1951)| (4-) qiic.rtR»olit;oolaco 

t'#:eics or olicccXaca t^'^nitQ (Sir.a, 195^, 1953) f 3rd (5) pog;-->-tUos.

J'oct of tbo nafinatite deposits r-or:ti--n&d sl-ovs ere reprecent-id jjfi 

the Franklin Furnace aroa. Much of thia report is do voted to the study 

of the Sdicon oagnetlte d^]x>sita which ars vary similar to the depositQ 

in the microeline granite gnc-iss at the Ben son mines in the Adlrondacks 

(Leonnrd, 1951).
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CHAPTER 3 

UTHOI0G1C UNITS OF TIIE ED1SOS TIPE

INTRODUCTION

The gneisses of the Edison type constitute a major litholo^io unit 

vMch may be traced from the southeart licb of the Boavsr Lake anticline 

arovnd the anticlinal axis to tho northvost limb of the fold (Ficurc 2). 

For purpocos of concise discussion the Edison typs gnaisces are dividod 

into four distinct litholo^ic units, (1) the Fdison unit, \hich is loot-ted 

on the southeast flank of tho cnticlina; (2) the Sand Kills unit, ufrieh 

is the thickened part of the Edison unit and is Iccated ct the nose of 

the anticline j (3) the KcAfee unit, v2iioh is located en the northv^st 

llnb of the anticline, and (4) the Shsrinaa vuiit ^ilch is located in the 

extreme southvQct on the northeast flank of tho fold* Theaa four un 

are all a part of the sa'no gonoiral litholc^io unit, i» e», t.ko Edico 

gneisssc, and ell occupy the otn-» atr^ti^i.iphic position reliti'^ to 

other distinctive lithologic unite*

The hdison unit ie a conplax of gnaisooe of nixed origin* The unit 

has the fora of a tabular sliest and occupies a structural poeiticn c \ the 

oouthsast linb of the Teavsr Lake anticline* The outcrop length of the 

sheet parallel to the otrike of the fold axis is over 6 miles* Tho 

average thickness of the sheet is about 0.4. miles* The eheet is terminated 

about 1 mile southwest of Hohola against the fault v&ich oeparatee the
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Edison block fron the Stockholm block. Tb0 sheet terminates in the north 

east 9 at a point near Highway 23, along an oblique fault vhich has displaced 

the Edison unit as aueh as 1*5 miles to the northeast* The footvall to 

the Edison unit is a pyrcEs&as syenite gneiss* The contact botuoen the 

two is vary abrupt. Frequently, sinphibolito is located in this contact 

soae but the exact relationships within tho aone are difficult to inter 

pret. The hanging wall rocks on the southeast of the Edicon unit era 

l-'irgely of igneous affinities. These includa hornblende gmnita and 

alarM.te, fyTOsrans granite and aLiokite and ooias hypsrstheno graaltos 

as \»11 as reach pegnntite Intsrlayered with tho granites.

Four iriain litholo^ic suttmite are pro cant id thin tho Edicon unit. 

Tloo mixod gneias gubunit is a ccisplex (sroup of gneiaces and na^nstite 

concentrations and is tho most prevalent and economically the only 

icjxartant rock type within the Edison unit. It consists of ma^natito- 

quarts-J^feldcpar gneiss v^ich is characterised ty the v5.rtu--l abceaeo 

of plaj^ocle.5e» In eddition th^rs arQ nui^orcus (^sjiosos of distinct 

motaBadir«sntary affinities within the ccDplox craoh as biotito, garnet and 

c?illiiaanite rich quartz gneisses. Tha entire nixed gaeisa subunit is 

full of seams, lenses and pods of pegmatite. A second important litho- 

loijic 0ubunit within the Edison unit is a gorcet or (garnetiferoua)- 

biotito-quarts-foldopar gneiss. In it the feldspars are oligoclase and 

nioroellRQ or sli^itly perthitic microcline. In places tlie biotite 

gnsiss subunit is intirately interlayierad with a third eubunit i^iich io 

a quarts-K-feldcpar gneiss. It is a uniform, fine grained rock, which 

always carries accessory garnet and magnetite. The fourth distinct litho- 

logic cubunit within the Edison unit is composed of a group of gnsisoas
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wfalch differ frcan the other rooks in their high content of liae and 

silica. These gneisses, which are called the line rich snbunit, conflict 

of epidote-scapolite-Kjuartz gneiss and related hornblende and pyroxene- 

quartz-feldspar gneies, biotite-hornblende-quartB-feldspar gneisses, 

epidote quartsites and other types consisting of the saae minerals but 

in difforent proportions  The gneisses of the lias rich pubunit havo 

a ruch bicker pla^icelace content than do any of the othsr gneisses of 

the rdicon unit. Thssa four lithologio subunits of tho Ediccn unit are 

the subject of more detailed study in subsequent eeotloas.

gj&D HILLS UNIT

The Snnd Hills unit of tbe Kdison type gneinsas is located on the 

nosa of Ui9 Eoavor Laka anticline. It for.ia a rolatiV3ly ffsnll unit of 

abo-it one square Kile in ai'^s an3 roprensats the thiokor.od exial portion 

of tha L U'.,""n unit» C-n the G^r.r-h,  -onthoast, and eaert, the C--od Kills 

unit io 5n contact with hornblende granlts and alaskite and to the V3st 

is iu contract viith tho HcAfee tinit.

In gonsral tha Sand Hills unit hae a wall developed foliation vhich 

follows the rogional pattorn (northeast strike and cteop couthsast dips). 

Hovsvcr, ne^r th© axis of the riajor anticline the foliation disappears 

in favor of Hneation *Mch pl\mr;os to the northeast at an avsrag® aiigle 

of 20 to 50 degrees*

The predominant rock typo in tha Sand Hills unit is a pink, fine- 

rsedium grained, fairly even grained and xenoblastio quartn-oicroclino 

gneiss i^hich is frequently rich in sillimanlte and garnet. The rock



dews not possess   strong gneisslo structure but instead is moderately 

pneissio and has some oonposition&l layering. Accessory minerals Include 

magnetite f hematite, biotlte f plagioclase, sericite, erusoovite and 

apatite. The jaicrooline is slightly perthitio. In term? of texture, 

structure and mineral conpocition this gnaiss is very siiailar to the 

quartz-K~feldspar gnains of the Bdioon unit*

Biotit0-»qtiarts-feldL*par gnaise is frequently interlnyored with the 

quarts-sicroclino £neics of the Srtcd Hills unit. The forusr rr^ics ies

ioditsi grained "and x^^noblactic. Its structure variea frcn 

a to gn-sissic depending upon the percc ̂ .t££O of biotits in ths 

rock. V?5ri©tal minerals in this gnaiss include Gillinonite and garnet. 

Hornblende, csricito, cph&ns, sircon, apatite, mr^nc.tit© and ilnt^nite 

are accesEoiy ninorals. 'fl^e biotito-QUnriz-feldF.^!1 cnii^s is dsfjnitcly 

nsora hctero00aoous thtvn ths escociatod quart2-rJ.ironline cnoics. This is 

duo to alternate Iqyers of biotltc-r.ich cad b5otlto«-jx)or tij^irs* As in 

the quartz-^icrocline s^^ics ths> I'-foldapar is a rjli^tly parthrltio 

rticrocline »

It is not uncorron to find layers and oh'-etr of hornblend© granite 

and alasklte interlayored with the gnoisnas of the Hand Hills unit. This 

is not surprising; in viow of the fact that the rnit is Boro or lees 

surrounded by raich i^sous granitec« ?ogsatlt«9 layers and &oai?s, atphib- 

olite, and nigKatitio vnnphibolit© are a oomt-ioa reck type interlayored 

with the other gneifisas of the Sand Kills unit. Ariphibolite is particu 

larly abundant near the foot vail contact of the imit.

The K-feldspar of the granites end al&skites adjacent to the Sand 

Hills unit is microperthite. The fact that the IWFeldspar of the gneisses



in the unit are only slightly perthitie indicates that the granites and 

alaskitee crystallized at a oonauhat higher teaperature than the gneisses 

(Bowen and Tuttle, 1950)* IT the granltea are of the esune age or younger 

than the gneisses, then it appears evident that a rather abrupt thermal 

gradient exioted bet won these two rock types at the tire the ipneous 

rocks v«re enplcce-d*

1-!C A?KS UNI

The t'c/vfee unit ic the rock nass of tabular shape vMch io 

?tr<?,tirjrajr-hio equivalent to the friieon end Sand Hills unitg en the north- 

\,*33t ll'b of th£ Flavor Lake onticllna. Tliis tabular botly extends from 

t>.s village of ?lcA.fce on tha northeast to a po'nt just north of Ogionrhurg 

(six iiilea to tha ^outhvjset) v&era it is faulted against lorJor I'alsoioio 

fisdinr.itary rook?. TJie i/idth of tho vnit varies from 5"0 to 1000 feot, 

Tha football cona of tho HcAfee unit to tha rvorth\«3jt is a eliecfc of 

bcmblcivia I'vatiito v.Vilch extends parallel to tha I'cAfee unit for lAost of 

its length. Th& hanging wall to the HoAfee unit is largely hornblende 

syenita gnoisgj liov^ver, to tba northeast thd unit ir«al'03 contact alon^ its 

hanging well with hornblende granite *md tha Sand Hills unit. Tha HcAfee 

rjiit ie structurally the extension of the r-ind Jlills unit along th© north- 

vf?crb flank of the Beavsr Lake fold and is therefore strati£^»apbically 

identical to the Send Hills unitf howovsr, there ara tnarked differcncso 

in litholo^r tctwsen the t\40 imits.

The prodoninant rooks of the KoAfoe unit are aR interlayered oosplez 

of irataqusirtzitac and quartz-feldspar gnelflpes. The inter layer ing of 

these two types is locally on & soale of inches. The quertsdte layers
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which weather out ID high relief impart a "ribbed" structure to the 

weathered outcrop* The aaae oinerals are ccsmon to both kinds of layers) 

however, the proportions of these minerals in the rook typos differ 

markedly. Epidote, plagioclasc and micrcsline are ger.cially preecnt in 

every rock sanple. Varietal and accessory rdasrals include hornblende, 

pyroronQf epbono, <:llanite, celeste, ecapolita, garnet ar<d ores* Thus, 

typical lltholc^ic types include, (1) epidoto nctaqtiartnite, (2) epidote- 

so-niercicliriS rrdtaqiiartz-te,, (3) epidoto-plccioclaac-silcvroclins-

, (4) epidoto-pyrcxieno-cfuarts-feldspar gnolsOj, etc. The 

;/oring of the53 various rock typsc yields s rock of banded char 

acter. The cetaquartsites have a distinct g.-ssir-sio £t-in;oturt5 t,jhich ia 

cs-USDd by the quartz T,*iich ia deferred and choared out into lenr.es ^nd 

lenticlea v*iich pf»rallsl the foliation* On the o'* *?r hrnd t^^^-^c 

a lar^e proportion of feldspar ara Ions gnsrir.fiic nr?d in:oh laco do 

thoa tha RataquRr-tsito* 1'oat of tha £?:cioro3 urs ir?ii'.vi t:r?^r^1, filrly 

even frrain^d and :c5nc-bl?.£-tic. It is appa r-?.rt f^-n tlio «iif'-Vision z'.bova 

that the gneisses of the licAfoe u.nit chow strong caloaroout and arenaooous 

affinities. Beside the group of gr&ls&js discussed abova there arc fre 

quent layers and sheets of blotitc-quarts-feldspar gn3iss t granite and 

'cissy layers, bands and nests of pe/r*natite f included in the HcAfeo unit*

£!.li'^j/uj DITT

Tho S;>r.r^n taait is located on the north vast lirib of the Baavor 

anticline at the extrei£ southwest ^!!d of the Franklin Pumaca q 

Th© unit appears to be a tabular shaped jna«s uhleh ertcnds parallel to the



regional foliation for a distance of at least 2 mile*. The avsroge 

thickness of the unit is 1000-1500 feet. Stratigr£phlcal3y the Sherman 

unit appear a to occupy a structural position similar to the Edison unitj 

howver) its relationship to the surrounding rocks ie saoevhat obscured 

fcy faulting* Detailed studies of the 5>_eraGn unit have be*?n confined to 

the general area of the Gharran roagnetito ninss iJhich are locatsd 1.5 

udJLas southwest of llohola.

The principaj c*wieo of the CV.rran unit is ju^£3i3tito*-qivirts~r- 

feldspar gneiss which is alitvDst identionl to the principal variety In 

tha r.ix:?d gnaiss cubunit of the r'4i&on imlt. Ey iiioroaso in tbo proportion 

of magrtetito tho £Ti>i3S of the Shsrwon unit pasr>os into n-a-juotitc oro. 

'rat*ieta3. nlner>?ls in tha gnai&s 5ncli:i3 eillijnr.'nite, ehlorite, MotitOj 

rutil© and hematite. -'.ccesr.ory niaarils tr.%/ inclnie pl^jioclii&o^ pcriclts, 

epidote, o)>atite r sircon, garnet f.nd ili^nite* 'Sk-3 f.no'-.rs Is tiuur.lly 

r.piiira gra*noi^ ur.t flna ar*i coaroo t^-^'-r. 1 facJc.'j ars :;bimd:ir)t.» In 

r,diiticn it is fairly e'/on rrnin;d and x::^bl'i-:.U^» The ^.''ics r;a7 ro 

bauded dug to the alternation of layers of sll^.tly different 

or texture, Sesie 0<o:plcs nrs strongly cnaissle due to tha 

criantation of lenticular shaj>ed grains or a^nregat^B of quarts and 

fiHtgnetite. Th<» proferrsd orientation of Billir^rdto-noodlec also 

contributes to tha gnaissic Btruoturs. The jaa^r-otits-quo 

gneisd is mij^d with Iryars, so^ias, and narto of pe^natits but ic other 

wise fairly uniform.

Recks inter laired with tlio ssagnet it3«.QU3rt3-K*-fsldspar gn^ios 

include chlorite-qxiarts-faldspar gneiss (Table 15)» fluorite alaskite 

and hornblende gr?anite. The fonasr ijs fins grained, even grainsd,
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xenoblaatio and interlayered with ss&oh granite and pegmatite*

The Sherzaon magnetite aroa appears to be complexly folded into a 

group of ndaor folds* la addition there are frequent cruehod and brecci- 

atod sonce which are mineralized with epidote and are probably related to 

poriod of ssnjor faulting.

The rogirml napping indicates that the four units of Edison type

-ss all represent the ear,a etratigraphic zone, Strueturelly tha 

iidison r*riit, KsAfed un't, find Shonnan unit are all sinilar in that they 

fora a part of the lixabs of tho feajor anticlino. The Cand Kills unit is 

di^tlnst in occupying tho GXia.1 position on the cnticline and coasoqusntly 

Is creatly thioVan&d* The units all show diotinot cinilr.rities In lithcl- 

cr7"» r^rhr.ps r»ost sirnifioant is the similar calcareous and arenacooud 

clK.ractor r»f the raataq'ir.rtziteG and feldc^vithie rets.quartr.itsa of ih3 

McAfoo and Edison uaits# Al&^j. the r^n*tito-quai*ts«K~feldspar cnsios 

and nagnobite oa^a of the Sherman unit ctra v^ry slnilar to gnoicB&s «snd 

orao of the Edison unit. In addition the quarts-K-feldspar gnoisa of 

the £dicon "unit is nearly identical to tho principal gnoirs of the Sind 

Kills unit, Eiotite-qyarts-fsldcpar ^.oiss, sheets and intsrlayorsd 

ecoan end nests of pe gnat it d fire coinmon to the four units.



CHAPTER 4

PETROLOGY OF THE EDISON AREA

INTRODUCTION

The Ldison area is a 1.6 £llo region centered about ttos magnetite 

ore deposits fit Edison, ?tev Jersey. ?lnto 1 is a geologic map of this 

area to the scale of 1/3&00, (1 inch equals 330 feet),

The LxUfJoa usit \hich ie traceable through tho Edison area has 

been divided into 4. subunlts, Economically the only iciportP**t subunlt 

is the ifiixed gnelcs vf'il'sh inoludoc r^^ictita concentrations. In addi 

tion (gartietiferotis)--biotlto-q»is:rt2-feldHpari gnelgs, quart 3-K-feldspar 

^r-etca, and tho lins rich ^neisr-as Eire important srvib'aait 

e.8Gooir.tod vith and relatod to the ni::ed gr.oiss aiHuiit and 

doixDrdtr.. Asrociatod vith t;io Edison tir.it in this area tire a variety 

of root: t;-7«s *J:ich are- lltholorric^ll^ and str»ic't-ii*slly distinct f*.*cn 

ths 7/3ison r^.it ar.i fom t)ia T,r.ll roc':s to tba laiit. -Jhcee includs suc 

roo!cu ag quart s-^olinocleos gneiss, p^Tojr-na syenite gnoiso, biotito 

alackite, hornblonds £r^iite f hyper ethsno ^ra^ii»e f and pOTOx^na granite

ROCK

The quai'tz-ollrcclrss gsoics IB eorpoc^d ia the northwest part of tho 

area £nd is but a sr.^11 portion of th? ?-uoh lp.rner litholo^io xmit vMch 

forics the oxfios^d core of the Boav&r La!-:s anticline* Tho cnoiso is 

generally loucocratio and very uhite but frequentlj^ is spotted with pale



green blotches of chlorite. The bulk composition of this rook corresponds 

to an oligoolase alasklte. Oligoclaoe and quart B are the two important 

minerals and biotite and ohlorite ore the only important varietal miner 

als. The chlorite may be sooondary after hornblende. Accessory ninorals 

include opldote, (in part secondary), mlcrocline » garast (locally), and 

opnqua oxides* The rock ia striking for its distinct paucity of K~feldj3par«

The gneiss is generally mdiim and evon f.rainod, but fine and 002 r so 

grained typ3s are abundant. It hr.s distinct foliation nnnifcctei by 

interlopers of variable composition r.nd tenure and by a Gtrong gaeierio 

structure* The latter is caurud uy the preferred orientation of lentic 

ular uhnpod grains and a^pregatoB of qu&rtz*

Biotita- and ch3,orlto-rioh facioo of tho qiiartr/-o3ijjoclft.ro c^oics 

ore locally interl&^'crod with the nor«.?.l ^c-ucocratlc type. la ad 

enphlbolite Rud quart s-olir^oclaca g.^siss n.ay Vo interl-^xred f-n a 

of fiat to fractions of en Inch, In pl-i^s it ap^i^rs *ac 5.f tK* 

cllte bas been injecjt.od and AJipra^^lei by the qu-r.v*t!>oli^oc;

Tyo varietic?s of po^r-atits hsTo b^cn obsorr«id in the cju 

class gnoiss. The aost atuadant is a uMte^ strongly gn-^iosio p 

Is ctsnfonaably intorl«^er$d vith the gneiss. Miwcral 

u^iite pegmatites appear va-y eiRiilar to tho loucoc ratio facias of 

tho qnarts-Qllgosls-ca fpaeisc. It is proposed that tbc^a xxj^utitas nra 

sinply vory coarsa grained vnriants of the norn^tl '4iitQ gnr^les. Tho 

lees aln^ndrtnt typo is a pink, r,ins3iv8, nacnctite-fcc-rnbler4de po^^tito 

cross cuts the foliation of the quart s>-oli^ool'ics ^oias snd 

ayured anphlbollte. Tha evidance 0uggests that this variety ftf 

pegmatite was emplaced af^^r tha crystallisation and daformatlon of the

£;Aeir-r.



quarts-oligoolao* gneiss.

Thin layers or voina, pods and lenses of white f masoive, milky 

quarts are often conformably intorlayored with the qtiartz-oligoolase 

gneiss* Quite distinct fron this vein quarts are rare interl&yere of 

laetaqiiartzite, . These &re texturally and structurally distinct fron the 

nassive vein quart?. The netaqui rtsite layers are lesc than a foot 

thick and ere strozi^ly dafors^od into tight minor folds and cremilations, 

The limbs of these minor folds are of tan broken up and pulled ap*xt arjd 

surrounded by quart s~oli£oolana gnei,gs in a Ixmdinage fashion,

Tha origin of tlie quart ss-ollgoclara gnolps is probl*r*!iaticc»l» Eio- 

tite-rich facies, asiphibolitea and isctaquartsltos all indicate r?ets- 

c^dlzacatary affinities. Houcver, the bulk conpos.'.tlon of the gasies 

(olip>olasa alssklto) dc^a not oorrecpc-nd vdth tha ec^.-ositicn of any 

ooKfon Bedlneatary rock* If the gneiss is of ultinate cag^titio origin 

the problem of genoratin^ such a soda-rich rs'if-a is difficult to co 

(Euddington, p. 37-40, 194,8; Siirj;, p. ?6l, 1953). Of ooui-53 it is 

possible that the gneiss is of Esetasoriutic origin. ?urilior detailed 

studios ars nooossary before a definite conclusion can be proposed,

The pyroxene syenite gnei^e is c sheet-shaped body iliidh 

about 700-BOO fe3t thick in the £discn araa. It is one of the &o 

distinctive regional lithologic units and oay be traced fron the south 

east limb of the Beaver lake anticlkio around the nose of tho fold to 

the northeast and for a considerable distfinoa on th© northvoot licb of 

the fold. On the nose of the anticline the gneiss is nearly 10 tlr=os 

its normal thickness* The pyroxene syenite gneiss forxos the



footvail to the Edison unit. The gneiss is interpreted as * note* 

rcorphosod igneous pyroxane syenite*

The pyroxene eyenite gneiss ic en extremely uniform rook* The 

ctructure is due to ths lenticular fora of ninsral grains and 

There in little ccspoaitioml layering and except for rare

jnclUL-iens the (?ieif!S is extremely hooogenoous* Generally, 

the (peics Sc radius gained end even grained} however, fin^r gr-ained 

ani pe£rirvtitic S3ai^n ere present*

r.r-c and nioroclina ara tho tvo itoet important nincr^lo in 

tho ^yrGrviiia cvc-nito gn&isc* r*lis oli/jool^-oe is £or;orally t*Annod ^nd 

occr:c«ion-iIly the twin larx?llao ra'c bent -which indicatas &or« j>O3t cry- 

ot.illir,atioa (3ofc»rr4it5^n. I'ov^vor, no cataolastic texturao or otrue- 

i.vi'&s have toon ofccsrvad within th« sho-j-t. The K-f eld spar varies fxxsn 

a slightly p?rt-hitio nicrocl^ns (about 10^ intyrgrown ria-fol^poi*) to 

Liiorcporthito (u^ to /r9^ intci*L.i*ovn Ka-feldspsr), Ev^n ^n a ;-ii?^l3 thin 

c^'o-icr* both extrc-'ies li'iy h^ pror-snt, but in other osiaples only oli-^o-» 

cli2» and slightly perthitio c:icrooline are pi'esent, Ccoasionally a 

k>iuiplo \hich has only rdaroperthlts with a rara grain of 

and slightly porthitSc laicrocline has been observed, Thaas 

obsarvatloss indioato that tha j.rlr.ary feldep^r was a solid eclution 

of Ma and I^felrlspar, Subsoqucnt slov cooling of this so!5jd solution 

caused exsolulicn uith the dsv3lo;-*aont of tha riicrcparthit*.. I-feta- 

xaorphisia of the original   yro:<eno syenite o^uced the reovystalliziition 

of rr:uoh of tho nicro^rthitu into dicorote grains of eligodaso nnd 

clifhtly j>erth5.tic nicrocline. The frequent relics of microperthite and 

of perthitic T^icrocline tsr.tify that the recrystallisstioa proceos was



not complete* The feldspar Rcnombla^e indicates tliat the probable 

temperature of recrystallifcation was bolow 660»C (Bowon and Tuttls, 1950).

Ferroaugite IB the most important ferrossLgneBium nlnaral in the 

pyroxsne syenite gneiss. It la free of ony exsolvsd zninorals. Fre 

quently, It is partially altered to hornblende 9 reddish brown biotita or 

chlorit^. Green hornblende In discrete grains is a jninor accessory 

lainersi in the pyrox&ne ryonita gr.oieo of the i'dison aro2 f but to the 

northeast, hornblcr.io b*cor»j»s ina re a singly abundant tint 11 near tbo isci&l 

portion of the gnoic'3, p;r^ox?no is obsont and hornblende ic the only im 

portant ferroi;af:ncr5an t-iinrr-al* '»5iot!ie-r tho hornblende Is regardod aa 

balj^S of ignaoxis or not-xrsorpliic origin, it in postulated that it occurs 

la place of fev.'cuucite in 2; no3 w:iioh vrare rolatiirsly oc^lohod ia H^O, 

such ae tha a:;5al tens of the pyi*o;co::-3 ^-o.dto rn?ic? r-'-y h rivo b^r*!,

Accecsoiy rlii-.-rals in ths py?o:v£-r.e Q'-v-nits trioisc irn^ludo 

Kia^no^ita, ilr.-cnito, oj-h-sna, quarts, c»\ihc-u.ivl ?irer-n -.-.ni Gi?it5. 

Ilr-enits occvri-; er cTihcCral grsinc r.lon^ T»'IO bci^'i-'nrioff of ina^not 

It Boons lilioly ibfit this "l-c/rdor phpsa" reprecsnts ilranite ^: 

c-T^letely bTtsolved frrn an orlnin^l titaniferous nui^nr-tita d»:.ring the 

cooling procscs and particularly during the netarorphic rccryctalliration 

of the pyroxene E^TDita. Rarely a v-»inlet or cpike of hematite (ir&rtite) 

replaces rini^iotitu* ".-bens, uiich generally occurs os a corona oround 

th-3 iron and titanium oxides, probably developed in thic tit^niu-Ji rich 

niliou during ths retoinorpbic? recrystnllisation, Quartz is alt&yg 

present in the gnei«D end oecccionally nsy form aa nuch as 10 to 1$ per 

cont of the rock.



&9talgn»oua pyroxene syenite gneiss affords an opportunity to 

compare the regional metaraorphiem of the Edison area to the regional 

zaataiaorphiaaB in the northweut Adirondaake. Buddington (1952) has pointed 

out that in ostcigneoua pyroxene syenite and quarta eyenites of the 

AdirondaokSj garnet (pyropo-alisandite) Hay develop as a product of 

regional nstaniorphisa providing the grade of rsetaioorphicn is hi$i enough. 

On the basic of netanorphio £arnet developed in gabbrca, syenites a^d 

quartz syenites, etc., Budclin£lon (1952, p. 72-30) has reco-nized three 

cones of different sotanorphio grade. Garnet has developed in the

n;rOTiite3 end quarts sycnitos only in the sone of r.cat intcnps 

ijaa ^iich is designated as the {jramlite faoioe* In the EORS 

of intcmediate inotfusorphio fjrndo regional tietariOi*p5\io cr.vni.-t h^g flcv;lop::d 

only In gabLroic roo'cs. In tho third retauorphig s^ri3 f v^*ch is dcr5j- 

rated as tl.Q a*nphibolito facios, re^ionnl ixtar.*orphio pnrn^ts Gre uot 

dovslopod in e,-iy of thoca 3.£jn^cu3 rock tyj>c3» Ho £?.mat vnr* f";«nd in 

tho p^TOJC5ri& syenite gnelos 02" tV.^ riir-on area. WiOiv.?r;i"^ it ;:- ra 

clear that tho gneiesas of this area do rrt brlong to the grc:J*ul*tc 

f.ioies as desoribdd by Budr!tr:^iron in the Adirordackc tut inot^-i belong 

to a lovor laetaiaorphie facieo. luddin^ton (1953) has pointed out that 

the TiOg content of ilrsanoitcignetita frori Adirondack i^ac?ous and n3t^* 

Eorphic rocJrs varien as a function of t^.porature of crystsllisiitiun* 

His data indicated that the  1&2 GQT&W\, cf ilir^noaa^nstitoo fr^n cn-s'sres 

reooaatitutod in tho groiiulite ond upper temporAture r-ango of the 

snjihibolite faoiea is 3»1 to /y .l per csnt) hov«>var f the TiO^ content is 

only 1 to 2 per cent for tho ilrsanonacnstit© fros gnaie&so forrsod in 

the *lowsrw temperature range of the amphibolite facies. In Table 2



bolov a partial analysis of the ilmenomagiii iite from the pyroxene syenite 

rnaiss of the 74 icon aroa i* presented. The T10- content is less than 1 

per cent, uhich is very low and oorrosponda with the "lowr* temperature 

of the amphlbolite f&oies in the Adirond&cks. If the pyroxone

gneiss of the Edison ar«a was reconstituted :D the "louar" 

!  > » ibolita facie s f the proosnce of unaltered ferrcaugite cin best be 

xpl^iner} Irj rsnr.uriins tliat the gneiss was extrepoly dry oo that S5i:ffioi2at 

0 \>ZB not present to on^blo hornblende to form d>iring the

C:i l'.?e b^nis of tlio abova discussion it ie postulated that the pyro»s»ne

7'rt iso of the I^dicoa aroa Kis regionally rata^Drphoc-rd in the 

ite facie a or r-ore preci0a2y the fl loi4?rn anphibolite fteioo of 

the A.diron rl?icVjs»

7rJ'le 2* Far-Hal Clionieil Annlycio and Kinsral
of Jlc-snoir<i(^r:ctite frora the P^roxoro f-yoYj

I-irttsl G-v;- lc ;1 /nslyeis Kln^ral Eeealculation to 100 V^i^-ht Per Cc-ut

IirJLciili JL&£ £^3^ i&JLsbji £££ p£5fe
FooO^ *" ~63.03 1-tagniatite 97,09
Feu 30. lo Keiufitite none
TiO^ 0.92 llroenite 1.S6

F©0 1.05
Total 94.13 Total 100.00

JT. Fahey, 1953

i^yroxane crsnite if» in the IvjiniTiC^iall zone of tho Edioon unit* The 

i-ortion exix>sod in the Txiison area is only a email part of a laiah larger



-35-

mass of elnllar granite tfiioh outcrops to the southeast. It it postulated 

that the pyroxone granite is of igneous origin.

On fregh eurfnco the pyroxene granite is a definite green to t&itish- 

color. This ie due to the pale prsenich color of tho feldspar. The

granites end noooaisted elarkitee aro generally nsdiiaa and 

oven grained, but pe^psatita seams and r.ostB are preooat. The rook i« 

alvsys hypldiooorphie and gncjisf-oid to alisost i?ia3i:iV3, Lenticular shcped 

quarts rrains contribute noat to the gnciesoid ctruoturc. Generally 

tlT.s gnoispoid structure io vary ol>vi<rus, but in occnsional outcrops the 

roe!: ie so olif^tly ddfoir.od thf,t it appoarg altsost casciv*?. In the 

l/Hoon ftrca the pyrTO^ne t^anita Io raifora except for oco^s 

ls;ors cf Motit^ pisisa and a"3phi*x»lits,

Qunrtz, uioroantiporthlto and niC-rojiorthits ar-s ths 

H-lnsr^la in t>.c pjToxene gi*fji?.t^o cmi alenk.11^?;, Gon£ 

have a typicsl exsoluti^-n norp':olc^- '-*.th ori^.-nte-] fil 

et.c«, of guset feldyp'AT enolo^d :? r4 t!:o host, K.OWJV??, in ooi-a cf t!»s 

gr&niteg the pcrthltic ^-ntar^rotiths era of patoh or chockorbOv'arrl typoa 

and are vtry irregular. This succ.erls th«..t co^-a r0or>-&talli2aticii of 

&n originril unifora perthlte hax taken placo. Contrary to the pjToxfrao 

cycriite gneiss! discrete grains of pl'-5^ico3^co and udorocHne rr« rsrs| 

generally tho two ;,re intrrgro^i ^n j*erthitio fa^lon in the pyroxene 

granites. Vicual ectiirvtss of the bulk coi^po^itiDa of the niorcperthitea 

ejtid nicroon'tip-srthita indicate th«t the hcj?t feldspar umiaUy 

as trach as 60 per cent of the intergrovtht

The single pyroxeno in those granites IB quite freo of cosy 

watorial, is generally tsodium to dark green and occasionally is filtered 

slightly to hornblende and ohlorlto (?), A single cheTsical analycia of
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pyro»n« (Table 3) proves it to be a ferrohedenbergite (Polder- 

vaart and HeBO, 1951).

Uraenoaagnetite ia the most important accessory nlneral* Locally 

it may form as nuch as 5 per oont of the rock. The TiO- content of one 

llr.'Snoaagnetlte eonple from the pyroxene granite 5s 7,97 vdrht r-er oont. 

This is considerably nore than in the hornblende r.icroporthite granites 

of the Adlrcnd?ickg thich carry 5 to 6*7 pr.r cent TiOg (Pwidlngton r?t al», 

1953). The high TiO^ content of the pyroxene granites Indicates a higher 

temperature of crystallisation thsa that cf the hornblende nd croporthite 

granites. Other accessory nincrals inolurlo crplione, ^irccn, apntito G.id 

rare hornblendo and biotito*

The honoc^noity end bulk conpocitions of the p;.TCxsr*a gr.-inite f ths 

very hl^b Ti02 content of its ili^nor^gnotito, oni V 3 n-tura of its 

alkali feldspar (pirthite) aro features v^iich indicate tliit tha pyrn.^.na 

granite erystallied et hi|^h toi~poraturou and is of na^:;ac-lc ori^'n, 7119 

paragons sis of rdcrc3ntipert/:ita tnd pAcrofcrlf 5.t> f TJx!ch Gre fr^qv-c.-i^Iy 

present togothor in a single thin o-" ction^ eiig^ests that equilibrium tno 

establishod bet\^sen the two alkali feldapar solid eolutions at ser^ ter-pcrc.- 

ture Jtigt below the crest of the alkali felciepcr polvus curve. If the pyro 

xene grenite ie mgnctio, this paramo no ais indicates that the lieuidus 

field was dopreored eo an to Interact the alkali feldspar solvus CUI^A? 

near its crest. According to the exporlrental data of I^ovon aai Titttlo 

(1950) this would ba near the teuiperatura of 660*G for a pur^ alkali feld 

spar system. This is £b6tulated as the nlalnira tenrxsrature of crystal 

lization of the pyroxene granite and associated alaskite.
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Table 3. Chcnioal analyols and recalculation* of 
ferrobodenbergite from pyroxene granite 
(Specimen Ro, Ed-1924).

:i02 4^*13
11203 1.76
?o?D3 4*07
FeC S3.71
'CO 1.90

 Ja-3 16.59
 :C PO 0.61
<2<3 0.17
bo-j- o.eo
loC- 0,35
riCb 0,23
laO*" Q C97
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granite

The hyp;rsther*e £rar»ite out crops aa a thin cheat about 300 feat 

thick end forms the foot wall rook to the pyroxene granite In the Edison 

:*re£» ?ke sheet is wall exposed fcr about on0-h?*lf nlle along its etrilce« 

The hypfcrsthcne grcisito belongs to the ch&rnoe&te suite of rocka* It ie 

ttr:1jativc£,y r.:*ra&sad to La of igneous origin and specifically a iccdified 

faaiej c:C tbe closely arficeic/bed pyro:t';n3 granite*

On ft fresh surface the hypcrcti.erio grrjoite is a grocnisJi tuff color 

lul- is crtljor drab or a rusty tuff ca the waathorcd outcrop. The granite 

 ;r? rsc-'i-r: or sli^htl- finor ^ilnsd c:ii is uflrar.lly av^n grainod, Ilcy* 

cvc,v, fi^c gi'aiced to rc^iutitic sDK iS aro abiindant. Tho hyj.-oirci.hone 

.-jaLltw ic not a layered rock bit vtiricuc fnaturcj 5iupart a cli.itinct 

."ollatira %o it « 'fhcyo fcatu-^s ineli-'doj, (l) a e-^'^U'iat iiVwrui?.r

c-/;-.!!'; =-ll.-n oi1 t!-c nrotlte flokij and the nitty ^-iherln^ of l-iotitio 

:--«-s -,nc-"^ii^o this foc-V-a-o; (2) alight textual v^rlalima siuah au U-e 

i Iteration of fi.vs r.nd radiun gr-iii:ed sors^a across the foliation plrjic; 

(3) th© t^ndaney for quartz era ins to bivi a lenticular eha}>o and to 

cc-c-ur ss ihin 3cnticalar br^iuo parallel to foliation. 'The hypersthena

ia not ZIP. tbo closely ^r;r.ooiatcd gr^nito,

r Ofddos the irregular distribution of Motile, ther$ are included layors 

cf biov-ite quart3-feldi;xir gneiss, qu/^rta-K-foldsprsP gnsi-^a ar>i di5olg 

of hornblende granite within tba hyp^rstliene granite,

.'.3 i- the pyroxme rrranite tba sjoct abundant minerals in the layper  

sthore granite riro quart», nieroantiperthite and micropsrthite. i 

coriplec cany pla^ioolasd and porthltic cdcrocline, *Hio feldspar



IB 00 similar to that of the pyroxene granite that & 

relationship b&tueen the two is aceuraed. Byper&thena and biotite are 

the iftpart&nt rarietal nincrals. The hypersthena is plaochroic in 

greens (2»pals green, X aM 3f»fl«sh pink) and is partially altered to 

n.!ca. Eiotite is reddish broun or fre^a (Z^psl© policy to yellowish 

j Y~d'irk reddish brov$i r Z^ircry d^.rk brova or reddish brov^, coiiDt 

rod 5s pras^nt in nearly all n:; vTplcs of the* hyjv^rstl^o^s ria 

>ddvs t airco^ (aiiljc-Jr^l), r.pr.tita, s^)h:na and hombl-3-^' LIU 

accessory H.incrc-Jls.

It has frequently teen pointo-i out that the c!!i?»moC;Mti'n c^'^j? in 

s^nes of pXutcnio Metsnorphien cuii aro u^it?Jtly Qencci^lod i&t!: *r>oc>:s of 

t!>o ^r-_niilito fscios (Bnrth^ 1952| rAViTt".r arl Verhoo^cn, 1951 J T;"ri'on f 

l9/.r>). C^na conteutl(ui is thnt the c^irtrnoc'-ritic £**«v-*t-°£ c.:-*rl«vf:o frsn 

tht1* r. -5t/: rx;r}viixi of nor^xl ^ronit-'a unior coniitic.^3 r. \lit-d to t^.c icr^ 

TjiOifc^ faciec. To tho c&A.~j~s, ^: \&.:i&* (1939> 194-^ 1952} I- s 

er^r.blif>isd tLo i^naous orir:!^ of iho c\:^rn^C::itic ^c.ilt^s ^.:I r-r.;-b:s 

syo*?5tss of the Adiron<!aoks t The h..*i^i-0*hcno gr^n.lio cjid t>o p:n*or^n:5 

of tho BdiDoa area b-ivo :io iV>.--».t-nrea uhioh suf^-st th-it tv.oy ha'. 

aV'jrj^rphoc'c-d* iTicir Btrun^vro r tcstura and tiinerclogic chsi'actar 

-'n-licnto t'nit they lirivo been b»Jt rlif>.-tly dofori"*ed -nrd recr/rtr>lli'--3cl, 

Vhcroforo, Xt. is postulated tv.,\t tho hypcrst-hene fjrrmito Is a hybrid 

ijnooufl rock find I'gpresonts c. bordor fncies of the pyroj.v^s c-.-*an\le v'l' 

hus b<>sn conta"tin:itod bj t!w insorpor^tlca of older r:ot.-isO'iiri;-jittiry

The homblonda pranitc 3n tho J-ldison area ic a sheet shcp^d



kcu

in its eouthwest portion but paaoea into a |4ut3olithic body to the north 

east in the ftosa near tho Kdipon Pond synolina (Plate 1). Tho hornblende 

granite in in the innadiate footvall zone of the hyperethsne granite* 

The contact beti&on tho fie tvo granites ia parallel to the foliation.

Tho hornblende grotto is a pink to pinliish buTf color. It ia 

or ccarsaly nndima grainad and fairly ever; grained. It io

coarser grained tl:on the ' ./P'j.'sthcao or pyroxene givmlV-s. 

The baxTiblrsnde grardt© is £.1*. -t^oW, i'-nd follni^n is quite distinct 

duo to alight to;rti^al variations aoroafs tlia foliation pla.se a*id iluo to

sat Interlay^ra of ari^iV^oliva and po^ur,tito« The latl^r is i.rjch

a^ndant in tha hor.ibleiids grsnita t'vvi ia t?io

c^unrtz, and uilorcperthito i;i"o the essential r.ino/als o? tho 1,-v^^ 

blciuie cr^lto. In sons gjreploa porthitio nioi-oolln-3 ani olieoolnja 

forri ths bulk of the feldspar t'^cli pu.^-^ita t/it Ir^-aiy '.he --,!n:-i'cl 

uEi'^^blaga Q'jraa to e<pilibriun ct a low^r tc-r'«p ! '-.*^v;jrc th:a d*J tr.* 

of tho horoblenda granits. This c^old bo rol£t??4 to local roorycr 

of x h© ori{?;inGl sdorcpartMte, Gr«ie;i homblcjr^a Is tha principal acee.c- 

scry mlnerixl, Vjt in addition Motite, ro^nztite, sircon and ap:*:tito are

It is postu3nte4 that- the h

Biotite elaskite in the Edison arsa forr?u3 a gn&ll lenticular sbect

is only 3500 foot long end about 150 feet thick. The macs forrss 

the Jjrjne^diato footwall to tha hornblende granite and is probably relatad 

to it.



The alesklto ie pink, coarse grained end naociv^. Frequently, it is 

BO coarse grained as to be classed aa pegnatito* The nlaakite 10 free of 

o layers esiqopt in the contact son* with th» hornblende granite 

a continuous 10 to 15 foot layer of anphibolitc is preesnt. In itc 

footvill BOBQ t,he slssJilte is interlayered. with biotite-qu-irts-feldspar 

sneisc and quart a-r-feldepar cnef 35 of the IxUson xmit (Plates 10 and 11),

(c'-tr^tr,, oli^oclncs end pert 1 itic rAoroclino are the ocsontial 

minerals of tbe "blc-tltc alftr>hito» In contrast to the associated hon>. 

ble::'J3 (rrcjiito no r-LarcpertUito io procoat, indicating thnt tha ala sprite 

o:.v-j-i t- G:;i;iliVi*i'£n lit a lo-^r tor.»»3r?ture than tho granite* Blot it Q and 

hr,i-JiV.lvji*f.s ere the noet ir^xiirtrrit r-ccesoory clnsralSi tut Lian'aotitOj 

c'orcc'Li rj-vi apatite r^.*a also p^ec^nt,

It Is pec AA?3utoi thit tho Vioblte nlan-d.to is of i^soUs origin and 

is rolr- tr'l to tho hornblende frsnitc. Th-3 TMrip.tiona in tho natt.ro of 

l:-c *T«f«5lcI^ai't fro'i nlcrcp-jrr'hlte in U*«s; hornblo^da £.v>nito to p::-thitic 

^l-i-o -lire 'n tho l-iotito p.lr>.r,?:ftu d^rinitrlv In-^C'-tcs e hifpioi' tc:iporc- 

tiire of eryBtallisatlfcn for the fonr*:r« It in possible that tl» 

feTanite t'ncl biotits ^JLasItita pro rslpted to tho l«irge nags of 

granite ^o the ooirt-heast*

The* contn?ilntit&d hornblcn^Ho f^roulto is located 5n Vie eas 

r </f the J-^iecn Gi*oa And probably ic the northeast continuation of 

the homblondo gr£Uiits r;h-».c»t. 2tn contacts are conformable mth the

^i^ia^os s«d /fr^mitSD* 

cont&ii&nted hornblende f^snite is medium grained, even



xenoblaotlc and gnelesoid* It is extrendly heterogeneous due to 

nuEaroua interlayere of gneiss iJiloh ehov definite mstasediroentary affini 

ties euch as* (1) pyroxene gkaro, (2) biotite, hypcrsthDne and 

aaiphibolites, (3) horablende-pyrosoene-pla^oclace gnoiss, (£) 

hcniblcnde-fcldc]>ar gRoies, (5) eph9ns-;7rox?n»-foldt.par gneiss, (6) 

qnsrts-pyrccsszso-plici0^^-^ c^^lcp, eto» In addition tlicr^ aro chestfl 

and la/are of al'JK'cite r;^i po^-satite w.ithiJ3 the grr-nitd.

ilie e&^oa^lcl aJjiso-.vla In tba corst.Tmin.ited jn^Ito ara quartz and 

nicroportMte, J-isny c:-rv»loa ehcw ovidenoe of a lower uOtffpsr'itvrs of 

eq\:iltbriua In that they c;V' vrj?  jlac^o^lri^) &nd psithitio n 

rather than cdcxoc'erthit**. Accessory nlr.3role in tho oout 

hornb3enda ^i-anite rmlud^ hombl^ndo, r^^netito^ ruiatite and cphan 

It ic postulated t!:.-t tho contaTJirir.^^d hoj.titleiids jrunit© is a

of iha hornblfjn^3 ^-.rmits y'lich has "bcr;n :.:cxiifi&d V-y the incorpo-

of older r^t^Godi .^rA^- tieic:r..%

m?l^.t"»bi,ot 3, t Q~q u .?rTt g^f fildrGT>e r £^$in.§ nr^ SSsSJi

Tho n^^^^otite-qiiarts-ftfldspar gne*C'S is located in tho ©aat~ 

ncrtheast corner, of the Zdioon area (?late 1) betvocrn the phncolithio 

r.acs of hornblende jrrnnit@ n>rx3 the contaminated homblnnJo granite   Its 

oontncts are confcr.'-abla to th© fnir-:vo"wiin^ rocl:s»

TIIQ gneiss is irieditiitt and even grain id ̂  although e-oJTj© 00^39 gr.'iiwid 

facios ars present. ?ha rock is xonoblastio with a nar&od gneissic

Ths predominant reck type is csnpesed of quarts, ollgoclacs and 

perthitia sdorocline* Vari^tal mineralc include gamot o»d Motite|
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uhar»af homblenda, ores and occasionally hyperathene are acoecsory 

ninerela. The roek io quite heterogeneoua due to cany Interlayere of 

such rocks as biotite anphlbolite f biotite-hypersthane snphibolite or 

biotitic rich £aci*s of the norraal gneiac* In ad iition hornblende 

granite, aitLCxite and pegnmtlte are interlayered,

To the northeast the gneiss leases out in favor of the contaminated 

hornblende granite (flate !) 

It is postulated that tho garnet-biotlto-t-uarts-foldspar gneics 

and rolsted facie s \»re ori^ina3.2y Hren"/i31e t^pe r^tir.edinonts \htdb 

ha'-/3 l^ton intruded and codified by yanurc-- rr-unitic rooko*

KDISOii Mil

f
^h» siixi-d g7i55.es cv.li- It yith the no^jci'tcd no^a

coRCoirir..:^i'?.ri3 is the ciOBt ir^orba.it jriV; It in ohe ivUc^n tros. It 

& sliest sl-ip^d body about 700 foot tlilck ',1 the ooutln«3t part of the 

area* To tho northeacrb it is tsplit into t*,#o thinner sheet 

Tho epidoto-ccapolito-qii.rTt3 gnairs md elated fccios (licie«rich gubunit) 

separate t^iesa t*wo portions of the mirod r^.iiss northeast of the Victor 

Kine. The j-O^ox^ne jsycnit© gneics for^s \-.s footmll ^ril the biotit--- 

quarts-f eld spar (psias and quarts- K-feldr--jr gnais^ forni the bi'V'Tl^ 

wall to tho rdrrad gneiss EAibirrtit* The exacts with tho v?JH 

ap:-.'®er to ba conformable «

Tk& fi'sood gneiss subunit IB a heterc^sr^eous cos^>lcx of 

reek types. The prodominant vai'iety of y-ck is a rnacnQi



feldspar gneiM* This type 10 generally the inmdiate wall rock to 

magnetite rich layers and try on increase in per cent of o&gnetite thitf 

type appears to pase gradually into heavy ore. Subordinate type8 consist 

of variations of the magnetite-quarta-R-feldspar gneiss and of inter- 

Isyora iMch chow notRcodlmentary affinities in that they carry large 

qi^jitities of ^amet, biotite, Billir«anite and quirtz« ~n brief, the 

n*:£ed gn^iso cnbunit 5js characterized by very abrupt eBi r&lioel 

cherue^l (eoruociticnal) discontinuities .from layer to Xnysr across 'bho 

foliation ple*n3. This ft.-tnrc is certainly tha no^t oipiificant des- 

crii/.ive f;-.ct nnd reeojr>ition of it is th^ first pr^rcqiri^ite to a 

r«r.3o:ir.blc potrolojric intorpretction of tha mistad pnoiso cub

llvlP.^liPJS* ^n general the vnrioufl rof3k types Which aro i 

tc r.?J 9 up tho nixed gnoics suV/jnlt may bo consSdorod n? relat'vl roc':o 

v^.ich h&vo cryotallired under rore or lepa tha srjrje physical ccnJiti^ns 

(r.-r^sr/ara api tcrii3rritur2)| eo th?.t t!vs c^n» i-JLnsral j.'vasss ir^re frtrblo 

t!;v<:*ur"ior.t. Iiovav^r, b-coauso of 3arg^ difforo^o:**! in chemical co^^i-itlcn 

froni lay or to layer tho proportions of tlie different n!r«c-ral phases varies 

\dfk»ly fron rock to rock id.thin th© jaljsed c^oisa cut>«nit*

Quartz, K^fcldspar (aicroolins and lac-noclinio JT-feldspar) and magne 

tite are essaritial «incr«lfi in n^irXy flll th3 rook types fctmd vithin the 

raixoi cnci^^c rsil\nit« riR^iocS^eo is vCrtu?.lly abront frc-T5 tho nutimit 

except in rare Jjtyoro. .a-iportant variotal indneralo include biotite, 

, tTirnet px*d ilr«nchersatite« ^cc^saory min&ralo incltsc.^ 

e, Piorazite, s^rcon, spinal, corundun, epidote, f.Xuorit©, !?eiio- 

snite, ilaenite, rutile, pyrits», ynoiybdojiite, bomite, and ohalcopyrite* 

zsinarale r,re chlorito, eerlcite, epidnta and hoiaatite(rwirtite)«



r

In a subsequent chapter the ainaralogy of the ttixad gneiss iwbunit 

is treated in detail*

nei.sq. The principal type of rook

interloper in the miaoad gneiec cubunit is oon^osed of variable proportions 

of quarts^ K-feldspar, and nagnitite with only 3*1 nor orscttJits of the other

nijisTal-s as ecca-.sory constituents. At on© extreme of conposition thia 

priacJ?:;! typo Is & mauactitc-qtiartz &nois0 (K^taquartsitc?)j at aaothsr 

eackrcsse it is a ir-fcldrr^r-qur-rtr-na^notito £^oiesf i« e., iBG^netito ore, 

H-DVCV^I field and lohoratoyy obc3rv?.:ti^ns indicate that th«3 noot abundant 

v;:ri?ty is co:;por>cd of ontatprJl proportter.s of quarts caii H^feldspar vith 

inste r-i£7i-£tito and Is a acdiusi ^^inod E-acneti

l-jod&l analyses of 3 ppoci:*«sa3 (5 frcn ths FxUfion e.roc and 3 from tho 

^iftir^sn iir.it) of ^t^riStltc-^qnartn-II-foM^ir cr.oies arv^ presented in Table 

4B. ll*o f;.^ sr^cfeins lA^rc colic rb;. i frrn i:nirom l.iyoro l«3co trTJi 1 foot 

-hie!:, 11:rce thin sscttcns par ^pocl;-..:Ti, t--,r5 cf ii:5ch v/^re ftaln^d to 

enable tha easy a:id accurate dote^nijiabion of K-feldepor (for stainiog 

isathods eo© Keith, 1939 and Ch£yae f 195*^)» \&VQ analysed on an integrating 

stone* The variation obtained Votwpon reannlyscs of the assis thin eootiozw 

a ecus-derably le-ss than tba vt.u-iation froa section to .'se^ion for the 

cj.v?'cin:>n» Thus the laxjjert sourc-a of uncertainty lies in the

naity of t1ie narrow rook Isycr itself. This linc^rtainty CcJj 

only hs* alleviated by an incre&od in tho iiuabor of thin sections per 

epeoir^n. In ad-ition the nodal c/i-xlycis of a single thin section fron 

each of 36 randomly ohossa oaaplos (from the ikiison ar^a and Sher^ui 

unit) of E^gnotito-qiLartB-S-fcldcpar ^neies are presented in Table 5«



Table 4. A. P&rtial chemical analyses of magnetic and non-magnetic 
fractions of iron and titanium oxides from eight 
of nagnetite-quartz-K-feldspar gneiss from the Edison 
Area and Shenaan unit.

146 145 149 143 144 154 153 151

Magnetic fraction
j?e Q,

F00
Ti02
Total

64.93
26.02
O.U

91.09

70.23
21.77
1.01

93.01

63.49
25.27
.0,33
94.64

70.37
22.15
-LJa
93.63

63.17
25.62
0.54

94.33

63
26

+* m »

91

.94

.45
^22
.73

66.
24.
1.

92.

77
52
10
39

65
27
J2
94

.82

.66
£L
.02

lion-magnetic fraction
Fe2C>3
FoO
Ti02
Total

74.36
2.29

iOj-45,
57.10

56.61
2.33

16.16
75.&J

46.59
16.32
Bi&L
-36.53

Wt. por cont Fe and Ti oxides in
Mt.
Hem.
Iln.
Rut.

Composition
Mt.
Hen*.
Il-i.

Ccrq^o si tion
Horn.
Iln.
Rut.
Mt.

3.31
1.71
0.10
0.15

3.05
1.29
0.11
0.05

12.6
4.3
1.S
0.4

T-i«3 -  *\ <j4- 4 /> f*T*" r*'f' ^ «*< 4" ^ii-1* 'i- '. J.V. i .1 >   ^ U JL     -. I/L*

83.3
11.3
0.4

65.2
32.1
2.7

77.7
20.0
2.3

n, d.
n. d.
n. d.

rock
18.87
6.46
0.53
tr.

21.69
16.06
£2t22
77.78

39.01
6.07
0.69
C.15

100 nole per
65.0
32.0
3.0

noR-tm-iietic fraction to 100
73.2
5.3

16.5
0

63.3
7.2

29.5
0

44.8
34.0
16.2
5.0

n. d.
n. d.
n. d.
n. d.

BO. ̂
17.3
1.4

-mole
21.4
35.0
43.6

0

29
12

72

11
1
0
0

.10

.79
A&L
.52

.2

.03

.36

.06

59.
9.

16.
S5.

13.
2.
0.
0.

18
f>2
re

55

7
93
37
16

39
13
S
31

24
1
0
0

.79

.62
»41
784

.00

.55

.33

.02

cent
34
11

.1

.3
4.1

por
0

cent
.8

tr.
67
31

.3

.4

75.
21.

3
0

3.2

/O. 6
0

35.
23.

8
6

90
3
I

9

.3

.1

.6

.9
0

53
31

.8

.3

J.



Mineral
qts.
K-fd.
pi.
bl.
.-sec.
eor.
ch.
cor. & <
sill.
tpr«
ep*
ap.
zr.
ep.
ace.
oros

IH
HI
IK
H-IH
1-RH
KH
IIH
R
I

146

analysis,
49.3
40.0
0
0.2
1.0

V 5.3
1.0

0.7
X
X

X
2.5
1.9

0.6

145

volume
45.1
45.0
0
2.0

2.3

2.6

X
X
X
X
3.0
2.5

0.5

149 143 144 154 153 151 Mean

per cent
24.0
62.3
0
0.5
X
1.7

X
X

0.5
X

0.1
10.9
3,5
0.4

2.0

X

60.7
17.1
1.5
X

2.2

0.7
X

0.6
17.2
17.2

X

X

33.8
25.6
0
1.1

X

3.5
X

3.1
X

0.9
27.0
27.0

X

X

27.7
62.5
0.2

0.9
0.7
X

X

0.3
0.1

0.3
7.3
6.3

X

1.0
X

33.7
51.9
X

0.5
2.6

1.2

X

X
10.1
8.3

1.2
0.6

38.3
44.2

0
X

0.4
0.4

0.3
X

X
15.9
15.2

X
0.7
0.1

39.1
43.5
0.2
0.5
0.3
1.2
0.1
1.7
0.6
X

0.1
0.7
X
X
0.3
11.7

- 300 feet northwest of Copper Jvlne, Edison Area; l 
tita = 15^161179.

145 - northeast end of Carvdan Cut, Edison Aroaj ilnenD-rutilohor^atlte = 
*7*yfl63*

149 - Big Cut, Edison Area; hecnoilsenite = RQ-5*fc-10 (**25*75 )> ! * »
rjagnetite tablets intorgrown with heaollnenito; rutilo-ll-aanohcr.^-
tite = ^C-l^'to-lO (^37^63)> i.e., magnetite tablets intorgrc-.-n v
mtilo-il ̂ on

143 - Big Cut, Enison Area.

144 - northeast on^ of Condon Cut, Edison Area.

154 - Shonaan unit, Shensan Area; rutilohcyiEitite = (^30^70) 5 rutlle = 
i.e., Eaa^netito tablets intergrovn vith rutile.

153 - Shenran unit, Shemaaa Araa; rutilohsnatite = ?io-20( ̂ 23^72 )j i. 
magnetite tablets intorgrown with rutilohcesatite; henK>rutile =

151 - Sheme-n unit, Shcrr/m Aror;; henonitilo and mtile = ^31^10^59* 
nagnotits tablets ir.targro\«i uith hsiorutile an-! rutile.



In Figur* 3 the proportions of cjuartz f K-fcld0par and opaqu* oxideB

sly ia£.£ratitp) recilculatad to 100 por cent for these 44 

slotted in s triangular di&p-am. The tables and figure show that 

there i* considerable variation in the mineral composition of thaue 

civvies (notfi who v?.r5«inoe v^luea in Table 5)« Hao coirpositlon varies

j-n:iL-s (r,;/onitn?), }jov:?v:#rj it is clro app-^rent froa tha fifiiro and 

tal-lo,i that &*--i;t- of lh' c..J3-loo rj*o In tho ooiapofitlcn.il rrji^o of e

tlif>t quai^.a end ohe o*ih;,r luilf i.r.:-rc qu-ii-tss than K-feldopir. Ti^is tli» 

p;-arof^o;hio dita c-T.^itioslly crabstantlate the fiold cViorvatic^a thit 

t!".- i^torl.'v'-r - '--'-"^nh r-^c censor*ad Ir^aly of quartz, M-fc-lrisp-.r and

ero 3c.'noy/;?it variacls with feLiaj.irf cuayt?, ?r?i risnotttg r-lch p.'

willi-^SsAS* 2n * î<3 r,5r:-d f.^eiss Gul-uiit silltotriild is ubiquitous 

but occurs .in M^hly v^-ricblo prcportione. Ths raluaa pirsanta^es oi" 

5illii.-^alto ond K-Col-lcpaT* In tha ara-.nlcs cf ?r/i;-7ictite-cju.^rt?-J>»f.il'lf;i^T 

&r.2:"c;i fror T'.l.lua 4^ r-,nd 5 -:c flottod In fif^ra 4, The flcur«s r'.^vo 

th'-.t sarrplcs vfth £<rf..'tar tl:*a ^0 per cent K-feldspar rarely carry 

p-02LS3ory ^in.li:ia:r".t8^ ^ni Dunplcs viuh 30 to 50 p:r c^t P 

u^'.illy carry up to 5 ver c?:!it .-oces^iy ^HTlin^iits* In s 

samples uitL less tha:i 33 per oont K.-fol-dcpu' aay carrj* up to 20 per 

cent sil3.i-\:'rilt*r. Tho Tour S'^plns clustered near the origin of tha



Quartz

X 8 samples from Table 4 

  36 samples from Table 5

K-fe!dspar On

Figure 3. Variation in mineralogical composition of magnetite-quartz-K-feldspar

gneiss



Table 5. Mineral analyses of thlrty-eix Maplw of  agnetite-qumrts-K-f eldapar 
gneiss froo the Edison Area and Shernan unit.

Saaple Bo.

Edison Area
E-127
Ed-1
Ed-la
Ed-27a
Ed-154
Ed-174
E4-179b
Ed-191
Ed-221a
Ed-221c
Ed-221e
Ed-228a
Ed-271
Ed-276a
Ed-276b
Ed-370
Ed-1045
Ed-1052
L3d-10534
Ed-1053b
Ed-1057
&-143d
&-151a
B-151g
B-151n
B-151k-l
B-151k-2
B-152C
3-170a
B-170b

ShanttnO&it
£6-419
Ed-434
Eo-447o
£d-447d
Ed-447e
Ect-452

Mow
Variance

K-fd
Ctz.

K-fd + area

N

56.5
14.6
42.5
66.5
66.5
55.0
30.2
4^.9
62.4
57.1
28.6
43.1
35.1
15.6
52.0
49.9
55.5
37.1
x
4.8

41.8
36.5
46.0
36.5
76.7
20.4
1.1

44.1
32,0
42.8

U.2
24.9
56.6
14.0
47.3
45.5

39.7
350.6

2

36.1
55.4
46.8
16.1
17.1
33.4
60.5
41.7
12.9
9.1

36.9
47.5
5C.O
39.6
26.4
41.8
33.5
45.2
80.0
85.5
11.3
49.C
37.1
43.2

69.1
3.7

43.3

49.5
67.6
29.2
53.4
41.4
U.3

36.9
4S5.1

1,38

0.76

-i
  n   +> «

H iH JHa, ft o

4.0
19.6

x 9.6
7.9
3.3
7.2
9.0
2.8

23.8
22.4
32.2
3.8
6.9

21.7
5.5
7.2
4.1
9.8
7.4
1.9

20.4
x 12.2

7.4 4.0
x U.4

19.0
0.9 72.4
x 28.5

4.8 43.3
0.5 x 13.9

4*.4

- ' su,
4.7
2.0

26.2
5.2

15.2 7.9

0.2 0.6 15.0
227.3

% a s

X
X
X
X
X
X
X X
X
X X
X X* X*1

X X
X
X
X*

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X X
X

X
X

X X
X
X*X X
X X

a
7 £ g. o

a i
2.4
3.4

x x 0.2
X

X
1.0
0.3

x° 0.3
0.2 x

1 X
X* X

0.4
7.6

xx 13.7
2.0

1.7
x

x 14.9
x 1.0

2.2
3.5
*.7 2.6
0.6
0.9
0.5
0.4

-    . ' x

x x' x
X

X X
x 3.0

0.8
£

1.6 0.1

 
a

X
X

0.5
x

0.4
x

1.8
x
X
X
X

X

X

X
X

X

 ,--

2.0
X

r

0.1

4 i
1.0

x 3.6
x

9.2
7.8

x 2.9

5.2
x

9.7
x

x 5.0

4.9
x x

0.6
0.3

12.3
7.3

3.4

0.9
x
X

X

''"""' Q.5

9.7
x x

5.3
16.6

0.8 2.4

i
X
X

X
5.1

1.1

12.2
0.4
4.9
7.7

2.0

x
x

0.1

0.9

i i i
X

3.4
0.9
x

x

1.3
x
x

4.5

x
x

X
X

0.9
X X
X
X
X

5.1
X
X X

9.5 x
8.0 x

x

2.7

1.0

-.

x
x
X
r
x
x
x
x
x
x

x
x

x
x
x
x
x
x

x
x
x

x
X
X
x
x

X
X

X
X

   -»   oH a. o o £ a o tf

X
X X

X

0.3
0.2

X X

X
X X

0.3
0.4
0.5
0.2
0.4
x

1.9
0.1
x

0.2
0.3
0.7
0.3
1.3

x 2.4
1.9
l.C

x 0.6
x OU

3.6
£ x 0.4
x x 0. 

o.:
2.6 o.:

O.f
0.1

x x
X

0.1 0.<

aMartitiej ilaenite intargrovth soaotiasa altered to henatite plus rutile.

^Bounded.

°Pejrtly altered to hematite and rutile.

Partly intergrovn with aartitie sagneUte tablets.

elfot nartitic.
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Figure 4. Relation of sillimanite to K-feldspar in the mixed gneiss subunit
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figure are nagnetite-quartz gneiss (mataquartzite?) and are apparently 

80 free of slllimanite as of K~feldepar, Within the limits of accuracy 

of tha eampling procedure and modal analyses, the figure indicates 

that there is an inverse relationship between the aaount of K-feldcpar 

and sillimanite. The data crunpont that either there ic e reaction 

relation between the two minerals f?uch that oillimrmite by edUtion of 

K wns transformed to K-feldcpar or that the two rd.no rale crystallized 

«r.t equilibrium and that tho mineral proportions varied as a function 

of tv a Vulk cher.ioal composition of the isilimu The forcer ca^o r^iy bo 

cKer.ic£»lly exprarred as:

sillipianite * potash = r^ 

-r/i the latter c*-.sa ass

zu',1 0 * bSiC + cKoO « rt
f~ 2 *   *-

As there is no independent e-.idsnttG tc 2U^:c3t that one niln?r«?JL replace 3 

th-3 ot r:-;:r, it is concluded that cil.jH-^nUc r.nd K~?s.M;;p-r cr/stallir^d 

together, ei^.bstcnt icily -at c^nillibr.'b,'"':, r.nd tlixt ths ^jx^or-ti T;S of eish 

mineral varied with the bull: cociposifcic-n of the li.^ediito ear/iror,rj?nt» 

Llt^hold^lc variations, OUior rock types within tl>j r.ixed cnoiso 

cubunit arc- intiimtcly luterlaycred with the r-ore aburidant ry.gnctite- 

quart s-*:-feldGpar grains. Cno or all of M.o ninerals qu -rtr^ .l'.-felds::nr 

or i;'i^iif3tita foiro an cs.-^nti^l constituent of there olhor i^cck varieties, 

but in ad ition cuch riasralc fts biotits, oilllzianite and gamst are 

vwry inportant constituents* Soiac- of thooo LsyerK ai^a nothing more thtin 

biotitic, oillitanitic cr garnotiferoue vsriaties of the pr^donin-mt 

r.a<;netitc-qucrtz-K-.feldspnr gneiss» How0yer f nuny of these lexers have 

mineral compositions which are s^trloidly different froa the predominant
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»agnetit«-quart*-IUfeld«par gneist. Sane of these distinct types include, 

(1) garnot-biotite-fiillimanite-qiiartz gneiss (raetaquartzita?) 9 (2) 

eilliroanite-biotite-quartz gneiss and rarely, (3) biotite-quart&-feld~ 

spar gneiss9 AS wall as numerous other varieties which differ frcoa each 

other only in the proportion of the vrrioua mineral phases, (r/oe nodal 

analyses in Table 6) It is not difficult to find layers vhich represent 

all gradations between the predominant magnetite-quarta-K-fcldopar fr^i&s 

and these other typos. The irregular distribution of such rdnerala as 

biotite, eillinanite and garriat (thse,3 vr.ry from 0 to 20 per cent free: 

laywr to Isyr-.r) as uoll ae tho three principals, quarts, K-fc-ldepar and 

r.i2£jnetitc f ispiiirt great losterogenity to the raixc-d gneiss outirait. 7'his 

5.n*o^ular dictrlVation has led to tine intorlayering of different related 

rook varieties which carry the pr*rr-a cjijiorals but 1-n widely diffciront 

proportions. In order io £:>ra closrly decc^ita tho nature of these 

variations t-jo dstaSJel ^ ofileo -ire c?^^cri^?dt

r-^.Twrised below is a 160 foot lltholojio profile nr-de cci-ose t^e 

stripped northeast portion of the rcbsrts Kino (Plnte 1)* ?ivs distinct 

zones are eepnr&t^d* Zon« 1 on the northv*?st is ab.r.;t SO fcot thick and 

consiotn of r^gnatit@~quart?-K-feld0par gnaiss (B-l^la, T&biLo $) *J3 which 

there are InterlayerG, lenc-os and thin eevas rich in biotite, ^arnot fad 

sillifflanite* In addition there ore pfegmstita sear^s and la^era ;is vr>ll 

as oeoasional "vuge" containing coarse grained plates of biotite* r .<tre;3e 

varieties include a 1 to 3 foot layer of ^arrietif6roufl-blotite-3illi3t:nlte- 

quartz gneiss (nstaquaztzite?), (B-151f, Table 6). £oue 2 is a co::t.in?jous 

(tmcod about 50 fest) 3 feet thick pdgm&tlte, C)n the whole it 10 wry 

coarse grained with feldspar crystals eosetisiQS as largs as 4- by £ inches



Table 6 . Mineral cn&lyvee of
samples from the adxed gneiss eubunit.

  
&  cc_   ll

Sairplo »o.   «o   w s: MK i   PH
^ V T jf 2 ffi ^   t«   r-J

B-340a 30.8 5.S 32.7 9*7 x x 17.0 x 2.8

nuU2a 30.5 13.0 33.5 8.5 8.5 0.6

B-142c 43.3 9.5 13.8 3.5 13.1 9.8

     
t*         rH O

x 1.0 x 0.2

x x 0.4

x 1.5

E-USJ 49.7 15.7 5.1 10.2 3.5 12.8 3.0 x x

B-U2e 47.1 8.1 39.0 x 3.3 1.0 x x x 1.5

B-U2T 27.3 36,3 19.2 5.3 9.3 x 1.0 x x 1.1

T-U3& 46.0 11.1 3.3 25.1 x x x 3.0 x 6.0 x x 0.5
*

~-151f 59.8 9.3 6.0 4.271? 8.7 x 15.3 x x x x 0.4

B-17Gc 39.7 7.2 33.8 8.0 10.5 x x 0.8 x x 0,1

51.9 1.1 3.5 14.6 7.6 19.4 3.9
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in orose-aootion. Ite contacts with the adjacent gneiss apj>ear conformable.

The pegmatite is uniform and inaenlve uxcept for an occasional thin layer

or eeam enriohod in nagnetite and biotite* Sillin.inito and garnet are

absent from the pegmatite. Zone 3 is about 30 feet thick and is a fairly

uniform nacne tit ©-quart ss-K-feld spar {rneiso (B-15l£, Tablo 5)» Eiotite

lc a nincr accessory in this ;:ri& and garnet end cillirssnita ora virtually

abesnt. Except for a single 1 foot layer of juann^tite-qvartx gnoiss

(rotaquartsite?) (B-151h, Table 5) and the ueual pepnatite netcip a^d

la^rs the composition of a>ne 3 is very unifom anc1. vr-ld corrccpond to

ths GV^rafre Karnotite-quartn-K.~f?ldspar gnaies. 3on3 /f v- ich contains

a considerable anoimt of Jna.(*ri3t5te is about 40 ft.-ot thick sitid is the

irradiate h^n^ing \jt»ll to zone 3» This £&j^3 is an intcrLx-^ro

of typical I5aci"»9tite-quartt-K-feldsp^.r gi2C>iefl altDrrnt^r^ vrHh

(u? to 3 to 4 inches thick) of nis^retita, (B-151kl end k2, Tublo 5)* In

places garnet is c^richsd cji-i loonlly rv-icrivo qaai'ts is ab«ind!int«

.' illiniEnita ic aVcoit in -^or.e 4- and tiotite la a iJ.rior "c-C(/3 fjcry«

Fart3cularly characterictio of acr.o 4- aro accessoiy sulflcl« sduor:;ls

inclisdo ii^ich pyrite and eorre molybdenite- (soe p«»ragraph ca salfidc

2iono 5 overhangs the cia^netite rich sono 4- and is voiy similar to 

sone 1 in that it is Jsa^rictito-quartE-.^-ftslilspar 

rich 5ji bio tit 3, garnet and silUn-xnite*

The above fMscriptlcn 13lustratos the ncture of tha large c^ 

lithologic variat3r«ns ia the mixed gnoics subunit. The s^nll cc?ile 

variations, st^ch as indicated in soi*» 1 above, nay be hotter illuotrated 

by dsecribing a li^bolo^ic profile evposed at the Old Ogden !Cine (Plata 1), 

This dabcription, Which is Bunanarizoi in Table 7, illustrates the rapid



Table 7. Lithologic profile, 01<* O^dor, ; -dr?o, tdiron, £ev

ThiokriMS
(Spec. Ko.)

2 inches

6 inches
(B~142a)

3/4 inch

13 Inches

2 inches

10 inches
(E~142c)

1C inches
(B~142d)

4^-5 inches
(r-142e)

8 inches

Mineral
Cooposition

qtz.
mic.
ol.
bi.
Bill.
ores
ace.

qts.
rdc.
ol.
bi.
sill.
ores
GCC.

qts.
mic.
Pi-
bi.
sill.
GJ-**»
ores

qts.
rdc.
bi.
sin.
gar.
orsa
ace.

30.5
18.0
33.5
8.5
0.6
8.5
0.4

43.8
9.5

13.8
13.1
9.S
3.5
1.5

49.7
15.7
5.1
3.5

12.S
3.0

10.2

47.1
8.1
X

3.3
1.0

39.0
1.5

Rock Name

biotita-aagne-
tito-quarta-
faldapor gneiss

biotito-aagne-
tito-quarta-
f eld spar gneiss

bioUto-SBns »-
tite rock

si3 lir^nitc-
biotite-^igns-

foldspar gneiss

biotite-.^.Gnc-
tito po^piatits

ofisnotito-
silliri'isita-
biotito-fold-
spar-q'^irta
 jnciss

gai^not-biotito-
rsa j^etite-sil 1-
i;i;inito-feld-
spar-qa-'^rta
gneiss

sillirr.'-nitic-
nicroclinc-
ma^netito-
qiuirtz gneiss

silliraanitic-
biotitS^"*!*^^!©"

tit ̂»q uAr 1 3"*
feldspar fT.oiss

Fabric RonsarkB

coarae grained

finc-:n »^ium, sli^itly peg-
imevem grained natitic

fiao-nedixra includes a if
£x*alned inch liycr of

naocive
-

fine to nod iiia
^ linetlj bio 
tite, sllli-
nauito, and
quarts and
r^jrotito
lennea-in
preferred

fine grainod, sillirwtrditc
n 9url y nacdl 03
schistose lin&sted

nodiiini grained

fl-'fj grained
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Tablc 7* (Continued)

Thickness Mineral 
(Spec. Ho.) Composition

8 inches

£ f eot
(B-U2T) qt2. 

die. 
pi. 
bi. 
sill, 
ores
GCC*

27.3
36.8 
19.2 
9.3 
1.0 
5.3 
1.1

Rock Kaae Fabric

hiotit&^aagne- s^ssiTe 
tito pegmatite

nagnetito-q fine-nediui 
qi^rts-K- grainod 
feldspar gneiss

Renarkfl

rare biotite 
rich lay cars;

net

garnet abrient



and extreme variations in composition and texturo between various roak 

interlayerc in the nixed gneiss mibunit* Howevor, as \«m illustrated 

in tho profile at the Robert B Mine the entire subunit ifl not as variable 

as thie dot&ilod profile vould eugtia3tj to the contrary, thero are fro- 

q\\ont tbiofc zon^B Which r,re uniform na^nQtitQ-quartz-K-foldspar gnaies 

&  £ > *zon9 3 at the Rote r c,s .1 'ins  

D~ r .o£*3d of qiiarts cni K-feldspar idth a

i-.t5.nor amount of magnetite t biotita and occ-inionclly silliiianite are 

r.iv^d \d.th all tho various rook t^pes i^iich nuk^> up the inixad {pieiss sub- 

unit. Hineralosically thr2 po^r^t'tsc ara v«ry ciidlar to coaa virietiee 

of the itijnetitc-quarts-n-foldspar gn^iasi ho;-»3V-. rf in general they carry 

far leis .^-.{potite and r.ors K«fcldsu?.r th^n the typical gneiss. The 

pa£;.vatitft3 sro jnassivo and vary ia c*airj ai^o frc:.i eciirao grained to 

e:;lro-i'3ly coaroe gained {K-ffiliDpar crystals up to 3 inchoa long)*

Pe^:":tita bo'1'..es vary fro:i r;r»ivoy Lemia tnd I-MIBQC less t^ian on« 

Inch if'-Ie to Liysro as thick as 3 fest« All the /^Tntites u:lch wevo 

 ,»H enough exposed to enable the traces of Uioir boundaries provod to 

b-a ductless* In other w^rds they eitVar l^n;:3 out into the surrounding 

gneita cr fade &wcy into the ^noirs. The contacts betiteen the pe/jrr^titoa 

ar.d the adjacent gneiss are rJ.w^-3 r.bra;>t but ore nev- r chaip or dike 

like* Instead, the contacts are {^radctional OY^r a distance of an inch 

or t«jo» At the ectiial jr-e^rsutito-giie^ss boundary tho groins of each type 

ere intergrowa acroau the boundary so that the contact ic eligfrtly 

irrejpilar and in of the sar.s natwro as the Irroguler grain bcuadaty 

contacta bety^un adjacent la;^rs within the g^oics*

Although the pegiaatitea usually are conformably interlayered vdth



the gneissf they oooasionally crops-out adjacent gneiss (Plate 9}* It 

is clear from the plate that the pegmatite lode cross-cute the gneissic 

structure of the adjacent magnet ite-^uartB~K-feldapar gnaiss ac veil ac 

a layer of blotite-silli2nanite-^2a2n6tito-quarts5-&-feldspar gneice* Thic

is massive and wry coarse grained in ite central part* It 

into the adjaoent gneiss by a progressive deoreaco in £i*ain 0*2*3 

towards th© borders until at the contact the granularity of tho n<;c::ive 

porrntite lode is identical to the granularity of th® rasditaa ^reined 

gneicsic vail rock, Note alec that this pegmatite a reads off1* conformable 

stringers \£ilch aleo grade Into the encloeins cfl'ics. Sl*52ii:or3 thin 

ductlegc pe^patit© esc:ss and leyora orr>s3-<:ut tha folir,t5on of the gneiss 

at vory ffnall anglaB and in ooira placts octuilly dlctort tho adjacent 

l&ytiro of gneiss*

Thus tho ptt£?atito3 apr-e^r to l>s atructiirally distiiot fr«& the 

 *nolosing gneico and varo probably- cr.plac3d cubscq^oat to the. davslopRmt 

of the foliation of the bulk of the gneiss, In addition it is critJcnl 

to not® that the pesr^titcs carry only accoseory nagnatita. They never 

at>; oar to be "minerallsei* vith r^.gnstite f ns 1-^rodlately adjacent quartc- 

;ir fpoiss nay be* Iniasd, the pegratitas actually oros&^out gnoi.s 

carries a fair proportion of sia^netito (Pl^ta 9)* Theso obasr- 

vations indicate that the pegriiatifcfeg v.^re ennlaced not only r^tor the 

development of the ^r^iowir^nt rock ty^^s but also rJter the ea 

fixation etc. f of ^ha sagnetite. It is s^gcastod t'^tt tho 

rctprosent late sta^e pro-iucts of crj'stallisati^n, Th« Inplicatlor: is 

that a certain amount of material in eqxiilibrivcs vith the ru^gnatite- 

quarta-K-feldspar ^nolss reraninad in tho dispersed state, i« e«> not
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fixed or crystallized, until the temperature dropped or eotae other physical 

change8 took place (such as the devolopoont of lov proBeuro sites along 

shear aonoo) tfiloh caused the crystallisation of this dispersed material 

into discrete pegmatite bodies*

FaV.r3q« Textural variations In the ntret! gneiss eubunit ere ac 

^r©qv»snt as compositional variations and the caueea for both of these 

variations are probably related. Th& predondnant nagnGtito-qiicirts-II- 

feld spar gneiss as veil ao the othor subordinate coa^ositicnal typas 

including the laagnotito concentrations ars zi&ditin grained or f3jEV3 

grained and fairly evon prainod. HovfeV3rf sons fine grained layers 

v;r--:-.Eent and ooarca grained to pegnatStic layers ai*8 quite abundant (oeo 

diGcusoion of po^riatitec). Quarts, -'-feldspar and all opaqua oxides ore 

xe:v.'^lss*.ic tnd eithor fairly equidinc-nsionnl or of disrtinct lenticular 

norpholo.'y (Plates 3, 4 and 5)« SilliiaiiUe iK usually in tha fom of 

elon^ved noodles with vsll dsvalopad pinacoldal faces but g.nerally 

without t^rrAnations (Plates 5 and 6), Biotite oc urs as thin platen. 

Garnat oociirs either aa disseminated xenoblsstic grcine or in pcrphyro- 

blsnts in an otherwise nediun grainod paaiss. These r<a^byroblasta are 

best developed and nost apparent in biotitc-rich and cillimanite-rich 

\'ariotioo of the zsa^nstite-quarts-K-faldsp-ia' gneiss.

His nntur© of th@ structure of the rocks in the mixad gnoiso cubunlt 

also appears to vary somsiiiat i/ith rock c&xpo^ ition* The predominant 

sxagnotito-qtiarta-K-fsldspar gnaisa has a distisct gnaissic stracturo 

due to the preferred orientcticn of the lenticular ehaped gi*ain!3 of 

quartz and isagnetite* It is extre^r^ly Interesting that tho variety 

iaagnotite~q\iartz gnoies (reotaquartzito?) appears considerably niore
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defonned than any feldcpathio varieties of the gneiss. Both the quarti 

and the magnetite in thie variety are drawn out into long thin lent idea 

vhich testify to rather intense doformation. There appear* to bo a 

definite inverse correlation between the amount of K-feldspar in tha rook 

and the intensity of ite daforaation fabric| euch that c&nplas lov in 

K-f^ldspar appear to have a stronger gneicaic structure than do ennplas 

rich in K-fcldcpar (ccsnj-sro i'latcp 4 and 6 with Plntos 3 and 5)»

In the r\a»p*.et its-quartz ^-feldspar i'neion nsgnetite ia generally 

dissftriinatcd in lenticular trains* Aa the por cont of iKtjjnetitg prograc3- 

i<v«ljr incroacos in tho gnaiss tha caQnotitd begins to ocour as lenticular 

ag7re£atps ar,d thin clicentit5r.uous layers all of ^iich contri'h'ute to the 

pl;-aar fst-ric* ?5nnllyf the na^netite ia oo enriched as to occur in 

definite thick layers (1/4- Inch to 3 inches wido) i^iich altarn.^.ta vdth 

typical rji^iou^tc-cuM'ts«I%feldspar gneiss* In these nagnat ite-rich 

layers the cr^no ^noicnio strue*lira app©sr£5 evident as in tha magfi3tite 

poor vail rock gnsico. How v«.»r f in thece layers the gneio&io stinictura 

ia dua to lenticular ccsrc^t^s end streaks of quarts end K-feMspar as 

opposed to streaks and lent ides of nagnatite in tho silicate-rich gneifst-es. 

Thus ths fpJbric In tho nagnetHe-rich (ore) layers appears to be escantially 

the er,ro as the fabr5.c in tha typicsl Eagnetite-quartz-K-feldspar gneiss*

The rock varieties Uiich &ra enrichad in blot ite and sillinanite 

rhov a vary strong gtructura due to the proferred orientation of thesa

nal rainoralc (Plate 6). Eiotita platee and eillimanit© 

are al^iye oriented in the foliation plane. The sillinanite nay 

or ray not hava a preferred linaar fabric* Thie structure may be called 

schistose with as sruch accuracy as gneissic. Actually, each rocks consist
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of schistose biotite and silliaanlte~rieh layers alternating vlth 

gnelsclo quart&08*~feldspathic layers. Thus It is clear that the precise 

nature of the fabric is a function of composition as wall as of defor 

mation*

Sulfide .gone. There is a distinct rone t&ich ia chorscterieed by 

above nonsal content of culfide ninor.ils vfalch JT^V be clearly distinj^ulshed 

fron tha ncrr.n.1 r.tsad gneisses at the Old Cordon and noborts Ulna (Plate 1). 

In thooa two places the aone Is tbout 40 f.?ot thick ani is located in 

the ftsuthaast inrkJlnra of esch df the minor* The ^ono has besa traced 

as far southu^st as to the chaft Junt southeast of the Dp,von;>crt Mine. 

In the field the higher eonterrb of culfide n'norals relative to sdjaeont 

gneirnrc is r^d© particularly evld<-:nt Vy tfco rore interee r^athering of 

th-3 {jieicceo in tho s<ilfido rons. In a^itir-n acj.ay flata (cw© Chapter 3) 

from dlarload drill holes 1 and 2 (Piste 1) vJi5ch Jjiclude total eulfur 

determ5natir>a£| substantiate tho exirstenea of a distinot sulfide ?PJJQ. 

In each hole the rulfur content In tha sulfida-rich sorso avcfmges 1*5- 

3.5 per cent, but tha sulfur content of th® enlfido-poor gneiss is always 

less than 0«5 per cent and generally l^ss than 0*1 per cent. The drill 

core data also show that the sulf ide aone io a soi^e of enrichment in 

rcgnetite* Ro\»v?r f it should ba emphariKed that other magnetite rich 

sones \^:ich &ls9 have been asroyod art- not enriched In sulfur* Tlie 

smlfida sons is conformable to the foliation of the gneisses, and it is 

interesting to note that the zone is always in the SQP» B0tratigrarhiow 

position relative to adjacent gnaiesos, Thuc f there appears to be no 

doubt that this zone is mere or less traceable for r.t least 2500 fest 

from the shaft southeast of the Davenport Mine to the northeast end of
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the Roberts Mine. It 10 interesting that far to the northeast sulfido 

minerals are rather abundant at tha Copper Mine shaft (Plate !)  

Although it oould not be substantiated by field observations, it is 

possible that the sulfide zone is continuous or perhaps discontinuous all 

the way to the Copper Hine»

The sulfide nisorals in the Old Ogden and Roberts l!in© portinns of 

the sane ere pyrite, chalcopyrite and BOKO molybdenite, Tha 2>i>e is 

rather rich in mgaetite end on tha whole appears to carry &ore £&m3t 

than ELiay of the adjacent rocks* In addition pegmatite constitutes a 

large portion of the suifida zono at tha Old Ogdon Mine, but at the 

Roberts Kina the aone ap;*ears to bo jjjore quartaose than adjacent gneisses.

The chalcopyrite and pypite in the eulfido zone in tho Old Ofjdcn and 

Mines ore frequently intergroun. Of tan the pyrite rir.:3 the

* Tho relationships between the r^cnstits- a^d the sulfides 

is quite clear* Frequently FT^i^3 rims the r^gi^otlte nnd occaolcnally 

a veinldt of pyrite cuts aci^ss ragnetite grains. The toxbiral evidencs 

suggests strongly that the sulfidas are later than the iron oxides.

Tho sulfido bearing rocks at the Copper Mine are rich in biotlte, 

garn3t and eilliiaanite and are particularly hateroganedus* As unual the 

predcsiinant type is a nagnetlte-quarts-K^feldspar gnsissj howeverf there 

are nuisorous biotitic, garnet if erous and sillir^anltlc varieties. The 

gneisses all carry a considerable* a-iount of ragnstlte (10-50 per cent). 

Sulfide Eiinerals ara diessminated throughout the gneiss &nd probably 

fora about 1«2 per cent of the rock. Aeoes&ory Klnsrals include apatite, 

?,lrcon t fluorlte and QOZ& pla^ioclese. The heterogeneous character of 

these rocks is strongly emphasised by seans f thin layers and bands of



pegnetite vtoich alternate vith the layera of gneios, and in which the 

K-foldnpar occurs aa ooaroe grained porphyroblasts.

The principal ores at the Copper Mine are magnetite (sometimes 

nartitic) end bornite. Accessory orec include il»enahenatite f heac  

ilrtsnito, ilnenite, cholcopyrite y covsllite and eons pyrlte and nolyb- 

donits, Iho nagnetite carries no ilr.cnite blades; however, in one 

raactlcn rone vith bornito the raa^zietitd carries a few blebe of il!:onite 

i!?iich iniicitos that corie ilrsenite vaa in colid oolution in th3 i-agaetite 

(reaction with bcrrdte rol^aced thio iliasnite). There are thrao typos 

of borrsitc. The first consists of independent grains of broi/iiirh Somite 

\iiich carry chslcopjFrite evolution f ilr.s \*hos0 orient \tion io etrictly 

cantrolloi "by cry^icillogi^cphio planas* tho eecond ie pinkish bornite 

\:":jfoh i£»y occur as indcj^endent grains Vut raoro frequently occurs as? 

t:r>hcclrel intcr^-os/tha with r.sgr.otite. Thia type carries excolutlon 

o-'p-lco^yrits in the fora of blebs or drcplots and as strings tMoli wind 

In a * .'!*!>/. ou 3 jxitturn vitiiin thi- bora lie* Both types of c^aicopyrite 

«;r.=; conf5jrrrd to the central part of the host crystal. Thic type fre 

quently grades into tv/pa three. The third t^pe is bladed bornite, i. e., 

blades of bornite (with exsolved chalcoj^rite blebo) alternating vith 

Modes tfiich ooncist of a nixturo of limoaitc t mtile (?) and 

This tyj^e is found adjacent to tsagnotite and d^fiait^ly replaceo 

p^^uetito. The copper gulfidsa have bcsen partly oxidised to oovolllte 

ixlong fraoturos and at grain bour;dari©3.

It soeins evident that the copper culfidoo are ycunccr than the 

niagpietite. Bornito of the first typs probably cryet&lliaed directly 

frco "copper solutions"! \hereas the second and third types of Vcmite



were probably formed b^ replacement of magnetite by "copper solutions." 

In thin case the bl&ded bornite would represent the early stages of this 

replacement process*

Cart ̂i^f eldgpr

Introduction, The quart a-Il-feldspar gnoiss is a very uniform subunit 

v?iich is confcrriiblo to and fornis r^1^ of tn$ hanging t&ll to the nixed 

^neiss Efubunit, In the southeast j-art of tho Edison area tho quart a-S- 

foldspar gneiss interfingors and lenses out 5.nto tho hiotite-quarts- 

feldspar gneics pubunlt. To tha northeast tho gnaios has thinned or 

pinahad. to a thickness of r,Vout 150 feet and is confornable botvaon the 

northeast extensions of tbo mired gneiss cutunit and contaninated horn- 

bli?nd8. granite. In its central portion tho quart s-K-feldsp&r (jfioisG io 

about 90D feet thick. Thuo, the shap^ of this cubunit in horizontal 

cross section (Plate 1) is thst of a large lens with a length of 9000 

feet and a naxiKUia thicbi^es cf 900 feet.

f;Ilnerrnlony orijj co^po.^itl^n* Tho td neralo^ of tha quart 2~K-feldspar 

^noics is very siriple. Quarts and perthitic K«feldspar (see Chapter 6) 

r.re the twa tnajor &5nernlc* Garnet f^'td ilmGnoroagnotite are the two 

principal ccocssory minerals* As in the caoe of tho isa^no tits-quart s-!U 

feldspar crisi sii f plagioelace 5c alvays aboont in tl^o quart &-S-f ©Id spar 

grnaiss except in sons sanplcs ta>:en from sones which aro clonsly astc  

ciated with the tiotite-quarts-f old spar gnoisa. Other accessory minerals 

include biotlte, zircon^ allanite and apatite. Secondory ninorala ara 

sericite, chlorite and raraly he&atite (r^artito). Ghlorito r^y occ\ir 

exclusive of blotite but frequently it is interlayered with biotite ae 

en alteration product. Soricito could bo an alteration product of



plagioolao** Hematitio alteration of Hmenooagnetite (martite) is usually 

not precentj however, occasional aamplea contain traces of martite (never 

more than 1-2 per cent of the ilnjenonagnetite)*

The quarts-K-feldepar gneiss is a very uniform rock* The nodal 

anrJyses of 16 sanples of this gneiss are presented in Table 8 along \vlth 

tha arithmetic ir^ana and variances. In Figure 5 the modal percentage 

of qvcrtss-K-feldfipar end mc^stite, recalculated to 100 psr cent nre 

plotted in a triangular diagram. Tho dia^rasi &ad varJ-ancea conclusively 

substantiate the field inpreeslon that tho gnjiss has a very uniform 

coaspositioa. It is particularly interesting end eicnificsnt to note that 

tho variability of the quarts-K^-foldsp-ar {Traios Is nuch less tfasn that 

of the riif;notitG»qU£rts«K-fc?ldEpar gneiss (c«^r;nar3 Figure 5 with 5 &nd 

Table 5 with 8).

?qLrlp;« The texture of the quart2>-r~folderar c^sica is ce unifcra 

?iS Its coi^osition. The umj&athered pneisjs is either a pinliieh tuff or 

grayish \iiitn color; it veethera to a rvcty cron0o color. Tho reck is 

fine grained "and equigranular (Plate 7),although fine-ccditra gained sones 

are present and garnet grains ara often cluiuped together in porjfcyroblactic 

li!^ aggregstes. The Ainorr.ls si*e all equidltnensional* >^agnstite 

as dieserdjiated grains tut r&y be enriched clijjhtljr in thin eaar.3. 

n*ag«Qtite grains are subhedrali aircon is usually euhedral (with 

slight rejiorptton ?)| otherwise, the idlnerals are all xenoblastic. Ilia 

Qinez*alB ars not intergroya iiuch along ^-rain bouncbries. Instead the 

contacts betveon grains are slightly irregular but smooth, i. e» f the 

grains are not intergroim along a tortuous (suture) boundary (Flate ?)  

In sunnary the texture is fina grainod, equigranul&r t equidl^nanslcnfil and
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Tabla 8 . Mineral ^salyseB of sixteen samples of
quarts-K-feldepar gneiss from the Edison Area.

Sample Ho. * 
cr

1^40

Ji-61

£-65

£-*>

E-75b

Ld-Sl*

Dd-163

rtf-170

Ed-177

m-205c

E.5-217

M-265a

Ed-931b

Ed-932

41

40

35

45

U

48

39

41

35

42

39

13

53

53

.9

.0

.9

.9

.1

.2

.8

.7

.8

.3

.9

.9

.3

.9

s

51

57

57

45

53

47

53

47

59

51

53

60

36

41

.4

.3

.7

.1

.4

.4

.8

.0

.7

.1

.9

.1

.7

.2

. s 
l &

4.

2.

1.

1.

3.

3.

3.

3.

3.

3.

3.

1.

4.

1.

i 26
> M M
I
>

5 x

7 x

0 x

8 x

3 x

8 x

2 x x

0 x

0 x

7 x

9 x

3 x

4

6

.
o .        ah   $-t     r-t o  H 5 5 43 S a fc a o ,0 i « o tabaiMttflf

2.2 x

X X

5.4 x

3.7 0.3 3.1

1.8

0.6

1.2 2.0

3.9 0.3 4.1

0.3 1.0 x

0.4 x 2.0

x 2.3

6.0 18.7

5.1

1.6 0.8

x

X X

X

0.1

x 0.4

X X

X X

XXX

x 0.2

X X

X X

X

X X

X X

42.4 41.2 9.1 2.8 0.1 4.4 x x 

37.2 56.5 5.5 x 0.3 0,4 x x 0.1

Mean 40.2 50.8 0.6 3.1 x x 0.8 x 0.2 0.7 2.8 x x x 0.1
Variance 31.2 50.4 1.5
Qt3.v _, 0.80K fa*

- Gt? < 0.76K-fd. + ore

aFrom contact acme with biotite-quarts-felclspar gneiss.
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FIG, 5. Variation in mineraiogical composition of quartz-K-feldspar gneiss
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The structure of the qu&rte-fwfoldspar gneies 10 granuloee (T|rrr»ll t 

p. 274,, 194-8) with sone bands and ctreako of propihyroblastlc aggregate* 

of garnet tliioh impart a rou^h foliation to the rook. The streak* and 

lenses of garnet ere from 1/2 to 3/A inches thick and usaiaUy 1-3 inch®a 

long. The distribution of theso garnet aggregates is sotsetJhat irregular 

and in £on0s free of mch £srr-3t t^e rock is usually very i^ssive. AB 

indicated previously all the nincr.ils of the quarts-K-feldopar gneiss are 

equidiissririonrJ.; they aro coldom of lenticular shapes or in other forna 

v5iioh \KXild surrfjost that the rook has been defomed (Plate ?)  Even the 

grains of gsrnot ihich occur In lenticular a^cT^^itcs apjear ur.deformad. 

Thus, the ctracturo of the gnoioo is exts»cr,oly faint end is due to the 

prossonce of lenses and atroa':s of distinct mineral conrpositlon^ i» s», 

£aiv,6»t afjre^tos. It Is interesting to note that this rti'ucturo is

r-^blo yiih that davolopod in adjacent gnziGs 9 but it should ba

i7^d that the fabric of tho quurt&^Jt-feldepar gneies is i^ioh loss

ped than that of any of the adjacent gnoieBe3»

k-^Jtl^sM^l* ^3 average ninoralogio composition of the quarta- 

prtr grkdios is givan in Ta'hla 8. Tho striking features of the

n are the hl^h quarts content and cbsenoe of planioclase 

feldopar. The conposltion, as vrsll as texture f cori-acpond oloaoly to 

pamet alas*'-it« of the Arlirondicks (Buddington^ 195l) or a p^mito- 

splits (vshcinsaen, p. 302, 1932). Kowsver, because of the nature of tha 

£c-ologic occnrrsr.ccj and tha nlifjht foliation, it oeeiss rxre cen?.ibl0 to 

givs a general na'se to the rock inetoad of a erjecific na^a 0uch as aplito. 

Therefore the rock is descriptively clnescd as a quartz-JC-feldspar gneiss* 

(3eo Chapter 11 for a further discussion.)
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ftelationahip to, other rookq. The contact of the quarta-K-feldsper 

gneisa is confornabla to the foliation of the mix»d gneiss subunit. This 

contact is vsry well exposed on tha northeast end of the Old Ogden Hi&e, 

Her© the contact of the qu^irtz-K-feldepar gneiss is with tha Biagnatito- 

quartz-K-feldepar gneisses of the eulfide zone. The contact ie conformble 

end Very eharp with no observable gradatJonal sons. There cppears to be 

no intcirlayei'ing of the tvo rock typssu The frJbric chcncoc at tho ocntict 

aro quito apparent» Tl:e ?lr.eraloc*cnl chnnces bavs lecn ctudiot* in 

dot&il. San:pleo of each type'vsre tr>cn st distancec of 1 to 2 foet froni 

each oth^r eorora the contact* On the titcle the miK^ralo^y is eiriiljv in 

that quarts and K-foldcoar ere crrcnon essential rdner.alo. Piotitc, epat.lt©, 

zircon and negnetito era cordon ftc^escory oimrals. Garn:»t ic ItrJtecl to 

tha quarts-^-feld^par cneisp. Tha tvo roo':g dif^or r/-:-t in the nature of 

the OJCicLs and g^ilfida niners:ls» Pyrito «nd clialcopyrito fA? aocaocory 

ninorAls in the s^lfide tone but are absent in tha im^-'iAatoly adjacor.t 

qtuirts-K-fe'ldspar gn**>iss» JV^rotite 5s rcore abuudaiit 3ri tha roacn-^tito- 

tjuarta-K-feldspar gneias and is mrtirxlly altered (rbout 15 par c^tit) to 

hematite (rnnrtits). The nft^netite in the f.iuarts-S-feldepar gnoiss is 

entirely fr>c of any nartit^, Althcmch thgaa features r»ra not of great 

najjaituSo it ia int^rosting that guoh viriatlone occtir over such ertall 

dietancas*

In its south wast exterision the quart a-PT-f el is par (TIC'JSJ! lensea cxrt 

completely in favor of tbe biotite quarts-f^ldGp&r gneiss* To the north 

east the opposite is tha c?.se in that the biotit^-quartz-feld spar pns 

lenses out into the quartr>»K-.feld0par gnaiss. In the zone ii^sedifit/sly 

southeast of Ediaon the tv?o gneisses as veil as sone biotito alasldlte 

are strongly interlayered. The representation on the Edison area Rap,
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plate 1, is htgltly diagramatio in that the entire sons coutheast of 

Edison iar a complex interlayerad mixture of the quartz-K-feldspar gneiss 

and the biotite-oiiortz-feldapar gneiss aa veil as biotite alaskite. The 

aonas as napped sees to consist predominantly of the indicated variety 

but the other kind of gneiss as wall as biotite alaskite layers are 

ubiquit CUE . The ccale of the interlsyering of these throe types cay be 

&2&11 enough to ba eeen in a single thin eoction. In the field lowers 

as thin as 1/2 inch lenso out Into one another (Plates 10 and 11). The 

contacts tatwsea all thr$* rock types a re extra^aly abrupt. The contacts 

&T? not voin or dlka Iiks2 but instead aro einply tho irriN5£7jLir Inte:'loo):- 

iag grain boundaries bettwcn tho nine/rals of ths } articular roc): "!r-/...r'a 

(Plate 11)   7b® width of tho contact sons is no groat-sr than tho vldth 

of tho c>ar^3st grain alo^ tho boundary. Ho p»a-5ational contacts t?>re

Only minor variations froa the nornal of the two E?:eir;??s p:*d lha 

biotite alasklte rra noticed in this complex intorlayorod ~or.e. Th*1; 

textures of ths thro© rock typss reriain the sana aa in ncs-intorleyercd 

sonae. The coarse grained character of the biotite ol&akite is in 

sharp contrast to the issdiusi grained blotite-qu&rts-fcldapar gnoiss and 

the fino grained qtzartz-K-feldspar gnoirn* In euch coKplsx rones the 

quart a-K-f el dspar (jneiss eociotiines carrioa e faw per csrst of acoesyoxy 

plagioolase. This appoare to be its only ninor&lo^ioal change) fron the 

noirsal» In tho contact zone l^etv?sn biotito-quarts-feldepar cnelas ond 

biotite alaokite altered hyperother-e (?) is present* In addition the 

biotite quarts-feldspar gneiss han a sat 11 but ei^nificsjit ineror.se in 

K-feldspar content in the intsrlaycred zone (sea next
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Otherwise there ap.-earo to be DO significant mineraiogical deviations 

the norml varieties found In non~interlayered cones*

Introduction . Tho biotito-quarta-feldspar gneiss forms? the hanging 

wall to tho ial£9d gneiss euiyunit in the southwest part of the Jdioon area. 

The proles Icncos cut into tho qtiarts-K-feldspar gneiss to the northeast 

ard has bo n trr.cod to the potithusst outoida t!ia Kdlcon area to the line 

v'.cre the Edinon unit is faulted. Thus tho biotite-quartz-felclspar gneiss 

Gv>l«ur.it ie a ehe-et o^pod mass t-liioh is eonfonsable to sll the ousrounding

HaSSC&cSSK* ^3 es£iar.ti.»il nlnoi-als of thio grieiss ai*o 

plaf:Iccli^ (oliGcslaro) &nd elightly p«Drbh5,tic K-fcldopar. Eiotits is 

alus^'iJ the most iar-ortant vurietal nir4"-ral and garnst is eithor a 

va?5otnl or ui'or ecc^DGory ciinc^rsl. Subordiaate accessory toincrals 

5 ^clv-do ho-mblor^o » iL^na"-a^etite» ll*ieiiite (locally 1 0:10 llnsntto) 

mvilo f apatite, r.iraon, hyporsthane and allanits» Second? ,ry minerals 

are cpidote, chlorite f &3ricite t rutile aad hematite^

The plp.£;ioGl£iS3 is in the oligoclace rringe of cozapociticn (An 20-3). 

It is partially altered to 0 riclte and Dojsetises epidota. Both tri- 

clinic (niorxvollae) and ronoclinic B-feldsfar are preceat in tho biotit-3- 

qi2arts-fuldspar cneisr (eea the disciicnJon in Chapter 6)» In contrast 

to the plagioolasa the r-feldsr^r is frea froa alteration. Qi^rts is 

highly strained cut nav r cruohod or granulated. Blotite is a 

brc'Mi to e vary dorh l-r?o*jri vnriety:
etrav ;/ellov 

T»dark roddish broua
dark browi, HGOT opaque
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The biotite io partially altered to epldote and ohlorite, Homblande 

IB a dark gre-*n variety and its unaltered, Hypersthene is a flesh color 

and generally intensely altered to a micaceous mineral and an opaque 

oxide (henatite?). Hypersthone has been found only in the gnsies \jhich 

is closely associated with alasltite, and is interpreted as having forood 

an & consequence of thio relationship. It is interesting to noto that 

no martita ia present In the llisisnoi.-.i^natitej however, the 

blades within tho m£aetite and the fi\*e ilrvn.lte grains arc f 

altered to a nettled ngfp-e-^te of rufcilc and hematite,

|>,bric. Tha biotito-quarts-feldcKir ^eiss is a grayish i^ite to 

burr color on frsch curreos, Tho gaoisa is no-.iitx3 or cosroc*- 

^T:iiiitjd but fino«r.iodiuza c-*id co'-T£3 g,-rainr-d varieties aro present. 

icss is 6V,.n grain&d but ia considerably less eo than fcho qUia'ts- 

^ar gnoisa (rlate S). In plricso porphyrcblaste of ft-foldspar 

(>llat$ 11) *5nd i«orj-!ayroblantio nggrszzt-KQ of f.a'-not are present* The 

rJb^rfils with the exception of si^c^a and apatita ara xcnobla&vic. In 

eoPie s'lKples tha qiiarts aud feld&par i^ay hava a sli^tly lenticular chape, 

but usually tbey arg equidiconnicnal grains vhich ara of aaoohoid charaot^r 

in that they havs very Irregular shapos ancl (jrain boundaries (Plate 3), 

Biotite occurs; as thin plates w%icn ar« oriented in the fabric plane,

The biotite-qxMrts-feldcpar gneiss has a distinct plan&r struoture. 

This ic dx?o to the preferred orientation of biotito plates and to o 

textural and oceipositional variations within th*? gneies» In ad *iti n 

eonfonr^ible interlsyers of distinnt rock types, suoh as the quarts-!C- 

feldspar gneiss^ cnphaeizo the structure. Locslly the biotit® content 

beconeo BO rich that the rook has the fabric of a biotite schist. The



planar etruoture la alao intensified by the oooaeional lenticular shape 

of the quartz and feldspar.

Tha struoture of the biotlte-quarte-f eld spar gneiss is not ae gneiesic 

(in the eenne that the bulk of the minerals are "oheored 11 out into thin 

lenses and 3f;nticles) as is the structure of tho rocks of the missd gneiss 

eubunit, Instead its structure is intermediate bctue&n the nsarly rc 

quarts~K-faldcpar gneiss end the very gnoissio tiixed gneiss subunit,

In Table 9 the modal analyses of twcnty-tw appl

of biotits-^usrts-foldspar gnoies (ona thin csction per Damplo) are 

presented* Tha arscunts of quart 2 y pla>ioelao3 and K-feldcp^r for o-ch of 

these samples has been xv; calculated to 100 per cant end plotted in R 

triancul&r diagr--yn (?i^iirQ 6)« Tho dic^ran ind5citos that the rx,dal 

aoE3.--ooitioa cf the rpisiso is oonevnat variable but ihut t!i«./o m-roarc to 

b» a definite ccncentratic-a of earrtples whoca quarts content is fron 20 

to 35 per cc-nt. Within t/iis range the K-fsldopiir oo/:tont v,ir3c'j fron 

0 to 62 |^r C'5nt ts the pla,~ioelc.co content varies fron 79 to 25 p^r cent. 

Da the basis of the feldspar proportions tyo distirsct zoraa are reoog- 

nizoblo vithin tha biotitc-cjuarts-feldsjiar gneiss cut-unit, Soi^e B 

inoludas those greicrses in the area southeast f t rdieon ^iiioh ara inti- 

riately mixed vith the quart a-X-feldspir gn&ias and biotita Alnskite 

(Flate 1)» 3one 4 ineli».d*3 those ^nei&ces \«?11 southeast of this Sil^rad 

2one, From tha diir^^1 and the roans in Tnblo 9 it is apparent that 

the Qnelsses in zone A hava an average content of pla^:ioclaB5 cose- 

%/hat higher than that of the gneisses of sone E, Thus it is clesr tiiat 

K~feldupar ia inoroaring 5n proportion to tho northeast toiftrd the quarts 

K-feldspar gneiss, Despite this rsaaarkable variation it should bo
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Fig. 6. Variation in mineralogical composition of biotite -quartz- 
feldspar gneiss
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that there IB not a continual varu^ioa trot ootite-qumrtB-

gnelas to quartz-K-feldepar gntiizu The tir <ypee were 

always distinct in tha field and as can be man. from F-~rs* 5 and 6 

there ie a distinct compositional dieocntizcirr bet veer -hem. In 

addition there is a marked textural and falr-i^ diEOontz^ii-y. In other 

words there is no evidence to rudest that VJ qii&rta-!- "^Idspar gneica 

w«s forced by continual enrie :.~nt of K-r-elir^ ^ a --"i 

plarioclac3 £ticies»

Iritboloyig, yfir^in 1 1 cng   In DOHG plf,ces ti--3 biotit :- lo 

^isiss appears imifora ar.i tho only app^rt-t -.-riatio^r -*5 dua to the 

slightly irregular diet rlVut ion of the biotiw end C'1^*"^* CsaerrZly 

the cnoiBS is intcrlaycrod vlth other rook 177? St Thlr ..:tei*lay^ring 

"^ay bo on a conle of 1/2 to 1 in oh, or it n%~ *>? on £   -".o of 1 to 10 

fevt» In its northo^st extent the £?iei£3s ii rc-isidore * intcrluyei*ei 

vith biotite c la shite cid qv^t.v^fc-ldspsjr -?iss (plr . s 10 rjnd 11). 

As c:; n be obfcarved in tfco plat r; a the roe!:s ;JT^ Interim' -"?d en a 3c:ile 

^of ladies. Additional rock laj-:r«5 tiised vd-Ji the gnelr Include pog^tite, 

j^rtK? biotite schiot, gnmct rich Isyers (f^?ri'ic), bir.te a^phibolite 

and pyroxzme  plaf[ioclcs3-hc?iiblendd elcarn*

SsfeMsa^MB i£ P.feX 5S?iS» ?h@ ':'ictiv?-qiisrt3-' Uspar gneiss is 

conformable to all adjacent rook tv-per» It: -o:.tact n .ions to the 

quart s-K-feldspnr *-n-3ic& p-d 1 iotite alasVit: are disc---- d in Uie 

section on the forr^r gric«5.ss.

^ The epidote-sctpolite-^atrta gneirs mbtsait (her©-



after tha lisa rich eubunit) ooours in the northeast pert of the Edieon 

area and extends to the northeast to the line of termination of the 

Edison unit at th« oblique fault near Highway 23 (Figure 2). The eubunit 

lenses out Vferr rapidly into the af-xicd gneiss mibunitj ons zone of the 

lime rich rubunit \ns mapped within th© southwest portion of the pdxM 

gneiss subuaitf otheruica no interlaysring of the two types is apparent 

O'late 1), The KcAfee unit on tha northvest 15r»b of tho Dec.v^or Lr.^e 

antiolina (Figure 2) is probably the ciratigrayMc equivalent to the lino 

rich Lubu2.lt, Ko HKSJ rich equivalent Vis located in tho Sari Hills 

unit. The llr-.e rich eubunit is alvnys confer, -al-1^ to adj'icrnt rc'-':r.,

Tha llTia risfc atsbunit is ocn^osad of a vr.ricty of intorlr^-erod rock 

i-ry froia r^etaquartzites to quas-ts-fold&par ^isisr:-?, Tnter-- 

oa iiiolude foldervathio nctac^iartsitsa and felcr-par-.i^i^s 

All these viirietieg tro ch-j.rnstor.lsod by the ca :^ cniite of 

varictal end cc-^cosDry lainsrals ^licli en the iviole r^3 lin-3 rich, uVrar.lly 

the feldop'ir rich layers vcather cut rora re^Jily than tha qi."-i'ta rich 

so that the layering ic emhacined by a ribbed-Ilka struotura 

'v*53 tho gneies a Bmi£patitic" nrpcct, 

Jt}inqr?».lQgg, The miner:*Is in tho lie3 rich esal*uait are quite dislinot 

frca those fn ether eubunits, Tfco outstanding minor-ilojlc feature is 

tha hi^h aontent of quartz crd of lin.? rich ninerals, The r^jor ninmv.lB 

throughout the eubunit arc quarts^ pla^ioelasa and r.ioroclins« Vea^ietil 

minerals are epidote, ecapolite, hornbl2ndo f p\Toxonc, bi its ar>i Lpheca, 

Aoossoory ninerala include calcite, naj;?i<?tit3 f hematite^ garnet, clfn>»

soisite, allanite, Eusoovite, apatite 9 and sircon. Secondary ^.inorals 

are serioite, epidoto (clinosoisite), fce rmtite (aartite) and two varieties
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of

Quartz la always highly etralnod. Microcllna la always vts-y clear, 

unaltered and haf good cross-hatched twinning. It ia usually completely 

non-perthitio, but locally slightly perthitio mlcrooliaa is present. 

Pla^ioalase v/riee in conpositlon from An20-An30£-5« It is alvnys 

partially altered and sror^-tineo completely altered to ©aricite and 

epv.dote ( olirosoi ci t o )  

E,8 is a pale £rsen r<onocl:lnic vtiristy. Two of its optical

crs listed below ;

Ky * 1.692 * 0,001 
2V « * 58* to + 61*

rhe pyrcaa&ne 5s clear ar-d unaltered. Its properties prova that it is n-:t 

f;n aiigito (H PS, 1949) T>ut inctsad correr^ords to n non«-ltrLin -us 

of t!ic dlc^gide-hedonbai^ito eorics. The 2V and Ky valuss convs 

V3ry cloi?e2y to tha optical property ourves for Axllrci.dack sV-^m 

(Ibcn, 1949). Uainr thece cnirvoa the r^ro^jno ia id^-.-itified r;c 

vith abjvit 14 atordo pt^i* cont Tg. Tha curvss iadiccta the tc-tr.l Al^ 

r*oy b© about 3 i^ight psr oont.

fierablonda ig an abundant variotal and tcsoss.ory p.lr;..rn.l, -r»r.d 

throughout the entire lina rich 0!;bunit a sin^ls vnriety is prootnt* 

Charactorlstioftlly it a c^lor for.;rola is;

bro\/n with ?. p. .la |jre?nie 
Y « nodiun gi-QSn vith a yellotiish hi?a > 
Z » HediiiR gr»?on \dtli a faint bluieh hue,

Its 2V varies froa -7S° to -^5e « The absorption colors and 27 r^acure- 

Hcnta correspond to homblerjies of th« treriolite-actinolite gi-onp and to 

the actinolite variety BF-eoifically (Wi&cbell 1951 j Sundiiis, 1946 )« 

Usually the hornblende is clear and unaltered} occasionally, it is



intergroun with biotite in c fashion t&ioh gugpeets the bloti^ replaced 

the hornblende, end often it IB altered to chlorita (see secondary minerals). 

Bictite in t.ho line rich cubunit differs eon*id©rab3y from the biotite 

in the P4ison unit, Itc color formula i«

X » celeries a to vary pale 
X » pale yellow-brown j 
2 *  ncdlm y

Tr.cc$ oolorc crrrcspcml to ti^ej? of rG^TiOfsiiim rich bir>tit®, i» e*,

j.ht'.  '; "pite, 'Or wily iho biotlt-s io va«-j.torc«d| however | it isay bs altered

to e^idot.9 and cMorrto &lor?g Inysrs parallel to the 001 plans (ess

"ft^pol'to oocu3*3 as vlisciv-to gra5jis» It a birefrii\genoe is

hlith (0 4 0^ 1-.-V 0*03) vihish in-Uc^t^s that its composition is i^ionite^ /J%
/^O  oO

{''"tir^oll^ 1951)* "H1^ rccpolite dc-os not r.pno?.r to have da/9loj.%sd as 

an ?!lt ri at 5 ->n of plngiocl^Qft. The two mlnc-r^Jo frequently occur sido b/ 

fjSdj In a znnfjlo thin s^-jttrs.Ti «n.l b^*h np^r-j* to be of prisvary origin t 

1* e., fc~-\.?d clu^inj rc-tffr^rp>ii<3 i^orysw-Jlia-ition, Dcr^polite is so*r:o- 

tirr.ea elt.rea to aariclte.

Cshsne oo^ara as disieT.ln^tsd craina and as coronas aroxsnd iron

Epidffto af ears to be both primary &n3 &scondary. Secondary 

epidot:? 5s :_>i alteration product of biotite arrd pLi^ioclase. FT-

 spidote ivy oeerur as dicarcto gralris or in dinars to agn-e^aten of oa 

C'~ll £^alJir» It is a p&!6 to nediu1!!! grcan varioty tiiicli apj«ai'£i

 j?.i.*it soivod. Frequently at ionst t'wo kitids of urinary epidcte ara pi 

iu a single rock* Ons type has high roliftf end birefringance snd is a 

medixm green color and gtrongly plsoohr^io* The other type ic colorloes



has anomalous blue interference color and la of low rt-L-af   The color 

less iteriety corresponds to olinozoisite vtiilo the grots variety corresponds 

to an epidote scEsevhat richer Jn iron* The iron rich r^e ohovs strong 

soning, It may be that the® is a continual conpordticril variation 

between these two types.

The principal iron oxides in the 15x53 rich eubunl ire varieties of 

herntite. These are lice nnherTt ite (I,JL-) and rutil'-iX^tmdicnatite 

(^lO^lO-SQ^TO-^* heraoilc^nite vas not observed. !-.. petite / v^iicb is 

partially cltorod (< 10,t) to ho?~atite (irj^itej/ is st::rdinate to bcmiite,

Calcite occtira as discrete ^rnins and clofinit&ly ir-eai's to bo

is tho cicgt abun riant csoo^laiy r.lnorrJL» ^, occrurs us rta 

alt?rctioa product of plarioclsco and scrr^tlr^s cc-pcl-.'-?* It is fi^- 

qucntly accor^^nicd by clino.iolsito*

Pc'tro^'aphiOflly t>r> vr-rieties of onlorits aro re r. _*r!ccd« The r-ocrt 

abundant t;/p3 has a very p?.lo cr^-^ color, uoak pl^ocL"-' Ui.'!J, pjicr;?_lc'-i3 

yelloi^-broyn interfcroncd color and ie length fact. 7* .3 variety corre 

sponds to clinoclore (?) (yinchell, 1951), Tha eeeoni rrricty hno a low 

birefringence, anoiailous blue interferenco color and ii colorless to 

very pale graen and le.i^th slow. This variety correc;-~* fls to penninito (?) 

Crtir.chell, 1951). Cor.srall3r tho two ara intorlay»3.%>d :-_nllol to 001 5n 

a r;Di*t of layered o'llorito c^ruplez. Kcrnblende is f rt   £:ntly altered to 

ruch a complex in virleh clinorhlore (?) is rjoro aTsundc:**. Biotito ia 

alco altered to this a-ilorite oonplex; however, ponnir_-*3 (?) is ri-^>b-.bly

abundant in this alteration.

Fabric. Tho bulk of the rocks ia the lisas rich &junit are



-82-

grained or iin*-*»diua grained j however* BOOB ooarter grained varietiee 

and pegaatitic faoiefl are preeant. Usually the rook* ore even grained* 

Quartz and feldspar and asoat of the other mineral* are xenobl^stic, 

However, sons of the variotal and accessory udnarale such ac hornblende , 

pyroxene, epidote, ccapolite^ biotite and iron oxides may have gubhcdral 

outlines. Biotite occurs as plates slightly elcngatod parallel to tho 

trace of tho 001 plane. Hornblende, doajrito its general siih^drcl 

la usually elon^atad pdr&lldl to ory stenographic o» FoLi^pcr is 

equiflinsnsional! but quarts is coiiotircoa of lenticular fjhs.x>^«  

The rocks of the lino rich embunii bava a distinct t̂ neiw^lo ^ti*uctui» 

'/ho intcnoity of this Ptraoturs varies frcsa opccirten to »p&circn« There 

r-o3ic3 to be a general cors%elatlcn batuoJ-n intanaity of tbo jaaisoio 

sti^otui^3 -ind tho i^ercoatago of feldspar in tha rockj ruoh that rocl^5 

low in feldspar end hi^h in quarts: htivo a battor developed 3truct\:re» *n 

general the etracture 5e £ue to the pi^fran-al orientation of blofcit« 

pl^toc, cloagatod hornblende grains and lenticular o*iapod nra5.ns of qu'U'u 

In s^ipleg rich in faldapir or vith equidir^Reiosel quarts the structure 

is due to th$ oriented r.afic mli^rala. The gmicFic structuro is e^*a«- 

siafid by distinct cccpcsitlonal Ir^'ering, Thia is caused eitlior ty a 

disproportionate distribution of such minerals as biotits^ hornblend3 y 

pyroxene y iron oxicbo, eta,, or is less subtle and is cr,n^^d by the 

of layore of quite diTftirsnt coj^x>eitlon0f ouch as nota- 

and quart s-foldepar ^eisn*

o yi5Tiationq«, As indicated ^i^viously the rocka of tho

lise rich sutruait vary froea aBetax;uart sites to quart j

and all carry the assa general suite of li»a rioh varietal and



rjlnerals. Thio suite of minerals IB eooaon to all the rook typo* within 

the oubunit but the mineral proportions Vary considerably from rook to 

rook* The rook varieties occur as distinct layers Uiioh vary from fractions 

of en inch to 1 to 2 feet thick* Topical rock varieties Include such

, (1) ec^polite-epidote-pyroxene isetaquartsite; (2) epidote-

r gnalssf (3) epidote-biotite-4ioi»nbl0ndc-feldBpar-. 

(4.) cpidoto-cr-ien3-p7rox»ae-<^5irtz-ciicrcelino gnai&aj (5) 

arnet pTr-ojreno-Dcapolito-qvx^rts-raicroclino gneiss; (6) pyroxsno* 

o-qiiarts-fsldsTjar gnolco; (?) scay>clite-biotitc~hornr,l3ndc~qitartc- 

feldsp:ir gr.oiss (soapolita and pla^lcclnea both p 

6^idotc-jTj*rcx5rjO--qi:ar1iz-fold spar gncicr j (9) folcSopar e 

. ':wt^qvtirtait3 f eta. It ID particularly interesting to n^to that pfro:-:.->n 

«ni h-vnbltr^da occur pido by sid9 in tlia ca^.3 rock with no 

reaction c-r refinecr^nt r3lationchip fc Aloo^ sooi'olito and p 

r ?.y ec-'.ur rldo by side. In vory ll"o rich roc1̂  i. c5», htr;h in cpidoto 

ac (4) i^o\^ 3 plagiccla^* i.iay bs nbsent.. The&a gc^ral reLatic-nshipa 

cu^^est that bullv ch&ric«l composition was the nioin cc;iti«ollin2 factor 

\n dotcrjiining the final nineral csrembla^e* It seeras certain that more

or lesc identical pressures and tezperaturos prevailed throughout the
t 

entire llr.3 rich srubunit during tha period of crystallization* Kence>

vtll tho ainsrals found in tho sul?unit wonld h.?.ve been etrMo throiir^- 

out th3 entirs subiinit if the bulk cheniotry c.-f tho ii^aiiata ;.iilieu 

vus nrcpor for th&ir development (se^ Yodorf 1952)« For exanple, in rochs 

vnich c'irry abundant Ca rioh minsrals, nicrcclino and qur^tz^ as (4.) 

abovs, it seesis logical to conclude that plagioelasa is absent fraa 

such roclcs because the tla contant vt:o too low to enable its fomation



find not because the pressure and temperature wore beyond the stability 

limits of plagioolase. In addition vhare scapolite is absent or closely 

associated with plagioclase, as in (7) and (8) above, It seeoa likely 

that there was only limited anounts of Cl""^ and C0^"^f etc., in the 

rock forming milieu. Very lllcely the absence of homblendo in favor 

of pyrorene, as in (2) abc-ve, and their association together, as in 

(6) aVxDve, iridicrtte tLL.t a limited a^'int of HO u?.s j-res3r*t 5.n the 

: forndng e^stca (Toder, 1952).



CKAPTER 5 

STRUCTURE OF TIE EDlSOK

The structural features of the Ldieon area ara related to the 

regional structural pattern. The Sdleoa area is on the southeast lin:b 

of tho Braver I/jl*o entlellne mioh is the riajor structure uithin ths 

 rlSiirsn blook (Figure 2), Cn tha inole the structural pattern of the 

;-;cL1e?tt ari3a is sfcplo cmi consists of tabular sh?ii>Grl litholob'io xmits 

i«bich ara orientod parallol to the axi*il plar^a of the major fold (north 

east striko and steep oouthoact dip) sr>d extend acr-oes the oatirc araa 

(rlst« 1). Tho qU3rts-oll{joclft&3 gos-iss, thd pyrosuno c^'Oiiitc gr.?ino ;"-"-' 

the ,r.diss.i unit all outcrop pa relatively nsrrotf linits vMch tror»d /.Drth* 

o^i»:t morons the nroa* 5!ov,»3vsr f ia dstnil the etruotrrs of the «r^a is 

quite corir-le^:» Ihg priaoipnl structural f3,?.ttu*es iij 

on, folds, faults and joints.

Foliation is tLe oost pravaleat and oV/ioua Jjrtcrnal structiiro

tha lithologio units. Tr.o tern fcllniion is applied to aaij* plr.ri-«r

vre within tha reck. Foliation is runifest either by the j>rt;f'.:rrod 

ation of inaqaidincngi^n^l minerals or isir^ral ar^re^atoa mioh as

asphibole, silllacnite, lenseoid quiets and feldcpar agrresatacj 

or by distinct rook layers with compositions different frora adjacent 

Tha forr^r kind of foliation is called cleavage and the latter
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oompositional layering.

The lithologic units represent the largest scale ease of suoh 

conpoaitional layering. The beet examples of compositional layering 

are amphibolite layers intsrlayered with quarts-feldspar gneiss or 

vlth granito (Plate 2). Such layering is on a scale of fractions of an 

jr.ch to tens of feat. Jn the Edison area the mixpd pneles oubunit, tho 

Hoi!to-<FJiart?-feld?par gnels? end th© quarts-oligcolase gneiss all cviow 

r:?.r'-'ed cc£vx>5iti r..n«il layering, Cn th© other hand tho pyrsxcna syenite 

fn?irs f r;'dairu3~K«foldspar gn^lgft ar>d "/nrinus grsnites in the area are 

rathor unifora and have little ccnpcsition?! layering*

age is due to tho preferred oria:-itatlon of minoralD and nineral

and is proeant to sorr.o dorpree in al^iost ev?ry ro<;!: tj-ps. It 

is particularly w>U dovslopsd in tho qi5artn>-oll0oclase gamins, th^ 

jp^*i'o;v3no syenite gneiss and roclcs of the r,t>red ^siss subimit.

On tho whole the foliation otrik-^o uaifor/.ily n^rthesst n.nci dips?

v.rtScslly o^ steeply to the southeast, Henoa, co^]X)Dition!il layorinr
>»
a^d cleavace ar3 generally parallel. Housv@rf in places the llthologic

units are contorted into atnor folds. In suoh ea&ss the compositional 

Is>*er3 regain parallel to the larger lithologic units, ^ere/5S cleava^ 

either remains jvsrallol to the .-^xial plana of tha fold or disapi>3arg in 

favor of 15 neat ion. Hsns3, althour^i tha cor.positiQn"?l layering ie 

diractly related to tha larger litholo^ie units f cleavage 10 relate-!  L.o 

the folding, i. e,, th« Peavtir L^Jco antic!ins f and is properly oilled in 

axial r-lcino cleavage.



LIKSlTIOfl

Lineatlon is the second most prevalent internal otructure in the 

lithologic units* The term line at ion is applied to any linear structure 

vithin a rock. Lineatirn eousod by tho preferred orientation of elongated 

n;incrala or nirraral aggregates such .13 araphibole, silliiuanite, quarts 

rods etc., is called ninoral liner.tic-n, Lineabion caused by the dirco- 

tlcnsl alignr.ont of elongated roc': ms^os with compositions different 

free* adjacent rooks is called compositional linaation*

Cccir/rsit tonal lir.er.tirn fa caue'd eithor by tha fold axiss of 

..contorted eojrpositior'tl laycra or by oriented imssec of rook v'aich era 

cither, red or Inth o^apcd (?lato 2). C&dh n~vy*s ara on the ordor of 

inches to tens of feot lonr. Such snail cc-.ls linear elci-er-ts ere 

ririilir to lar^o ecnls fonturos involving v^iole litholosic tmlt-?* Ccrs- 

jx)3ition?l linja l-.ion is a^;tirid;u:t along both th-3 r^-as end liriba of fold?* 

Th'ps ,1|5 i'oad evidoaeo v-o 3i:d*cr;to tVist r-i^y of thd p^gpetits rich layers

"3n the ni::od r^^iss r^btLiit ara fach lath chupc-d linear alessnts.i f

Mineral linca'-ic-n manifested by tha preferred orientation of elon 

gated minerals or nineral af;grc-gato3 is particularly obifions in tho mixod 

gneiss subwnit. Sillisirjiito noedlss are cxricntad in the foliation plane 

nnd c^nerally in a prdf^rrod linear pnttorTx, In od-lition elonsetod 

ag-sr.-egstes rich in rjvjziotite, biotite or c^ther minerals are oriented 

in the foliation pinna a.id a!53 in a preferred linoar pattern*

Vliere both ccrapositic^Jl and nineral linCaticn are present they 

8T& parallel. In the r^dinon aroa tho strike and plunge of tho linaation 

are always to the northeast, i, e., parallel to and in the pinna of the 

foliation* The plunge of the lineation varies fron 10* northeast to



nearly vertical and averages about 50* northeast. Compositional 

llnaation is related to compositional layering and hence to the najor 

lithologic units. Mineral lineation ie related to cleavage and appears 

equivalent to it at the crest of folds. When viewed in terms of its
Tl

relationship to the major Beaver kake anticline and the ninor folds the

in the Edison area corresponds to the b arcis of the reg 

picture of deforn&tion (Turner, p. 532, 1951).

Thsre are mir^rous ff.:all folds end crezralatlons in the Edison orai* 

This folding involves cc^-pQsiti'-nil Isyore \JiIch vary in thlclmeos from 

fractions of <an inch to tena of feet. All truoh otrueturas arc? inter^r^io 

as nlnor folia related to the major D^aver L^ca enticlins. In oc -..noe 

rsost of wien are conjiiclarcd r,s drag folc'.?; on the limbs of the inajcr roM« 

Although the c*Jp of tho axial piano of Exist folds .in tho >Jlson r..i*ea is 

p^allel to that of th« Eoavsr L^-:e ^anticline (steep southeast ) f tha 

pilings of tba iclnor fold axes in tho area averages 4-5*-55* northeast ar>d 

is therefore so:-? -what greater than that of the Beavsr Us)'Q cntiolino.

At tlio Old Orden Mine ninor folding IE obviouo on tha central rid^o 

of tile open pit ani involves oas-positional layors 2 Inches to 2 feet 

tilled (Pl^ito 1). A cynoline \2ith a brc?dth of abomt 4. feet is ovlfeit 

along the cr«>??fc of the rid^e. 7he ajclal plane of the syncline dips 

aply (75 c-35*) -o tho eruthcast and tha ^ds plunges 55 0-^* north-

# Thsre is a certain arcunt of minor cronulation QSiX>oiated trlth the 

structure. Obviously this eyiicline is best interpreted es a minor drag 

fold on the linbs of the nsajor Beaver Lske anticline*



In the Robert* Miss there 10 an excellent example of a minor drag 

fold exposed in the stripped southwest part of the open pit (Plate 1), 

At that locality a 10 to 15 feet thick magnetite-quarts gneiss layer 

is tightly folded into a minor eynoline and anticline* The axial planes 

of these folds dip steeply to tha southeast and the axes plunge at 

about 50*-60* northeast* Hence the architecture of the minor folds is 

£3c:aotrically similar to the Leaver I*ako anticline* Within the folded 

e-quarts gnoico layer and adjacent eaoiose-s there are t« 

oruQplod and crennlatod layers* In the iaasnetit-3-qnfirta 

lt,^r thin layers of quarts alternate vith thin layers of y;e£so'wit3 in 

srich cnstspled structures* Both tho narpnotite and quartz in this layer 

ara ohear^d out into lenticulitr grains and agcTS/ratos but neither apycar 

c^ashod nor brecciated* 'Th^ evidence incite--itss that tlio folcUn^ tf^*: 

pl^ca iJiile the rock was at a relatively high tcnperaturo and hoase vas 

Rhle to rooi7ot??llise during deformation.

Tho eyiicl3.no in tha southeast ;;art of the i-klieon Area (Pl-nte 1} 

is the largest fold \dthin the area. The ejcinl plana of the synclino is 

about vertical and its axis plunges 30«-^0* northeast* Tha bre-^uth of 

tha synolins is about 1200-1500 feat and the fold is relatival/ open. 

Tho structure ic best defined I-y the garnet-biotito-quartz-feldcpar cnei 

r nd by minor ^afie rich layers which are ui'spent in tlia ccnt«i!nii>atei 

hornbloTido granite, 71;o northonst extension of the hornblende gvc^'l^ 

plunr^os beneath tho tr^u^h of tha e^ncline ae a phacolithic body. That 

thei*e is no continuation of this fold to the northwest is an enicr-a. 

It is postulated that the original relationships havs been obszcvired 

either by tho oubg-aquent emplaceiaent of the quartz-K-feldspar gneiss



or by pre-Conbrian faulting along a plane naar the north wo at contact of 

the garnat-biotite-qiiarta-feldepar gneisc.

FAULTS AJ JOIHT

The northeast trending hi^h angle faults are the &ajor fraoturoc In 

the region and WTQ diserussed in detail in Chapter 1. It is interesting 

that trlthin the major faxilt blocks very little minor faulting of any 

type is present. It epj.cara es if all orustsl adjustnast has taken 

place nloag the few najor faults vMch divido the area into structural

Joint e ara the r.ost prevalent k3r4 of fr-ioture in the Edicon are&. 

A «rst of joints v^;ich strikss norlhtwst and dips ptcoply to the so^thwoet 

Is ubiquito*.?fl. Iliis cot vhicii is about perpeiidiculaj* to the linoatioa 

r:*i foliation of t*>3 3itbo!og;io unitn is a fjrc'xl oxnnplo of tr^jicverca or 

a c jr.lntSi :'ho i^^ox.^u of t'^'^3 joints vir5cs froa fractions of an inch 

to 1 to 3 fest arid dspends upon tho kind of rock fractured. In relatively 

rdiGcivo redo fn>ch as the hornblende granite the joints ar3 widely gpaoed 

and In hsterogei'jeouB rocks su.cn ac the raiXBd gneiss eubunit they are 

clccoly eprioc.1,

In ad'iit*on to the transvc^c^ joints there is a less veil dov«lopc-d 

set of loTSfitTidinnl joints rrrf.cent in the laixcxi ra-^ss subonit. Tliis 

r«t trends ncrthe^st parallel to the ciriks of the foliation and dips 15* 

to 20* northvest. Thosa joints era spaced inches apart and unliha the 

tranavorsfc joints are not enooth extensive pianos but ere rough discon 

tinuous plants. In places \ihere both tramvarso and lo^itudinal joints 

are -well developed, layers in the disced tf&lss subunit break out as 0r>iall
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pnrallelpipod polyhedra bounded by two joint planes And the foliation 

plane.

In some places a Joint sot uhich treads northwest and dips gently 

northeast (parallel to tho plunks of the lineation) is prefiont*

Tho minor faulting in the Edison area io parallel to the trenovsrso 

Joints and probably is genetically related to then. r^:ch &ir>or faults 

are interprotad as tr^svrrss Joints eilonf vhich thera h/is t&ctt ninor 

dioplacer^cnt. f;l) > only fault of any sigaifiorjfico 3n the i',di?x>n art>a 

is located 600 feot conth\?cst of the Big Cut. There the horisontal 

r>ffc«t of a naf^tetite rich lug-or is I:*0 fact.
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CHAPTER 6 

DETAILED MIH£RALOGI OF TK1; ED1SOK UNIT IN THE EDISCN A3EA,

The most important nlueral In tnrnia of Its volus0 per cent in the

area Is K-feldap-^r. Even within thin email area the K-foldsp.^r 

ehovs considerable %?ariation in tares of composition, twinning, psrthltlo 

intergrovth end 2-ray povder patterns. In pc^rticular, diffcrencae aro 

noted betT*een the K-fsldcpar fron ths biotito-qtu?rt2-foldt7»ar enotDst 

quartz-K-feldcpsr gneiss arid frora njagn3titc-qw*rta«?>.foldspcr e^-ss c.nd 

rich In^'^rs within the nixed n-slfss sub.init.

conosntretts trj:cn fix** ix^cks id thin t!ia i-ul; ..d

for CaO, KagO* -^2^ an<^ ^a^» . iple 2/4 Is 

frca a c&cnotite rich la^*&r and camplo H5 is f^oa tho adjacent (vill rook) 

Eiagn©tito-qi2arts-K«feld3par gnoiss (soa Tobla 4B for ainsralo^ic data on 

thog^ rocke). Tfc« analytical data ars pro seated ia Table 10 along with 

recalculations to the usual feldspar moloculec. Tho very lov al1;.lte 

cc'fitcnt of both these concentrates c^^t&nti^tt^s povrograrMc aM X-^ay 

cbnervationa that little or no nlbits wis present in either roclc ;>.u plo. 

'i'he vary high colsiaa content of the felds>>ar fron tha mafnetite rich 

layer (14-4) is in marked cant rant to the low csloian content of the 

feldspar from the na^etito-cuarta-r-feldspar x^ll i-ook ^noios (14-5)   

Ho other K-feld3pars were analyzed.
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Tabl© 10. Partial cheoloal analyses of quart r.-feldspar 
concentrates fron the mixed gneiss submit*

I/A U5

1,'t. £ oxides Feldspar noleeulca

GaO
::apO
:;2o
B.iO

0.09 An
0.45 Ab
6.09 Or 
2.23 CaL

3.91

1.0
9.0

£0.7 
9,3

103.0

V't. % oxidos

CaO O e Q4
1&20 0.46
KaO 5.B2 
BaO O.C6

6, 33

Feldspir iPDleoulos

An Oo5
Ab 10.6
CT 83,6 
Csl 0.3

100.0

1/4 - Oo:*.-2v--at,r"it5 fr^i a ria ;;n->'Ito rich layer, Cancan Cut, ?o\ ^^ f I"

145 - Concrntrnto frcrc i^a./iioti to-quo? t^-K- 
144} i Coupon Cut, Edison, I.*. J.

Thaeralltz, 1954.

gnsios tvjck to



The &~feldspar associated vdth isafnstita rich layers le always 

untwlnned, This is in contrast tc the K-feldspar in the wall rock 

zcasnotite-quarta-K-feldspar {̂ heise \fcich always hac distinct crocs-' 

hatched (grid) twinning* The bulk of the K~feldspar in both the blotlte- 

qixarts-feldspar gneiss and the quart s-K~fc- Id spar gnois? also his distinct 

cros;*~h.atched sdcroclica twinning, Kowovr,?, H-feUlspar porphyroblastB 

(Plsto 11) with5ji tho biotit&-qii.srt&»foldu;XLr gnoics are alleys untt/in.ipd« 

'  "hero ntorocllns grid twinning is prccent it nay be very obvious with 

vide r.nd clopjr crosr-hatched lo;.'3llso t or it nay bs c:-rfii\j^!sly faint, so 

that vithout a very detailed cr?jciination it could be nistaV.cn for un 

extinction* Tha decree of twinning often varies progresrdvoly in a 

rtngle grain Tron a v»c-ll tinned pci'tion of th3 grain Irto an npr;?-.rt it3 

 ant yinnod for t ion  

Hi© r-foldspara frcsa tbo r^^etite rich l^-ers and froas tha aa^etl 

quarta-S-foldEpar gneiss fj,"oa the nixed gneiss pubunit cariy only rai*« 

filns an4 lenses of albiio and are thus deeldsdly :>on~p rthitio. Ths 

partial analyrcs in Table 10 of the quart s-feldep^r concentrates from 

L-ucih rockr . rovs t>»^t the albite coutoat is veiy loir. Thus, the fuialyti 

datr* era o^nsietant tdth the peti"O2raphlc obno-\T>tlon thcxt there fUK. t«it 

fey filF?.9 and lenpas of cxr.olvod albite iai :ho K-fol4cpar and that tV«ro 

is no free albitci in thsse roc^"*5* In addition tbo analyces show that- 

tbcre could bo only a few mole per cent of albite remaining in aolid 

nolutioa within ths K-feldspar*



Viarual estimate* of the account of perthitio intorgrovth in tha 

K-feldepara from the biotite-quarta-feldspar gneiss and the quart 3~K>- 

feldspar gneiss indicate that there are core filns, lonsep, blebe end 

vains of exsolvod albite in the K-f eld spar of the latter ronk than in 

ilia fl-feldspar cf the former rod:. Estimates of gusjst albite intar 

with tho K-foldspar of the quart F~?C-f01dspar gneiss rango frees 10-40 por 

cent and appear to avarage near* 20 per coit. Cirdl/ir estimates of the 

guest albitg in tho IC-fcldrspar porphyi"oblnst,s and rstrix feldspar frcm 

tho biotito-quarts-ftilfliipar gncics aro lowsr e.nd er,pcar to average about 

10 par cent. The so petrograpJiic obcorra'ions aro cubstr-jitiatc-d b>" X-ray 

powior d^ta» Spooificrilly, tt*a i^-foldnpar Triples fron ths quartc-K- 

feldspar gno'iss c^^3 ^-ray diosrans idth distinct alblta peaks for 0-10 

(tha hkl plans ;dth greatest inteassity, Ooodyear nnd i>,-rfin, 3,95',)* In 

contrast tw^ K-foldcpar porphjvoblssts from t'.e Mobite«-qi?.erLc«.f^ldGrnr 

Choice £av3 X-rc*y dia^r.-r-is with & dlo^rly d5 r;c-:>rnibl^ but voi*/ wu&k 0.^0 

albits P >Q!:. Absolutely no 0/>0 slbite pco3:s i.tra vicibla in tho X-ray 

diagrcwa of the K-foldepar froir, the nagnetiic* rich laysr and the adjacent 

da£^dtito»quarts~K-felc<spar gr^i^a (Samples 144 and 145 )  Thus tho X-ray 

data substant'-ato tho peitro£rraphic and chemical data that tlie I^-feldiipars 

froa the nix^d gneiss s"".'jiinit aro vary low la albits and that tha &- 

foldrrpar porph/roblaots frcci tha b lot ito-quat'ts-f eld spar gnois^ contain 

considerably loss intarci*o«n slbite than the K-folispar frca tha qv.^Tts-

Coldcnith and I.AVSS (1954) ha'^B presented tha 20 end d values for the 

principal rof lections in po^er diagrana for nicroclin-3 and eanidire,



They point out that the rcfleetiona froa the 130 9 130, 131, and 131 

piemen ware very useful for dietinguidilnc between jaonocllnlo and trlcllnio 

K-feldff;>ar» In the caBe of noooolinlc K-feldspar of course the 130 and 

131 linee are absent* In addition Gr;?dnaaith and Laves proposed that the 

degree of triclinio character (triclin'r.lty) of K-feldspnr is & function 

of the decree* of orderly of Al and Hi. JC-fcldspar with conspletely 

lie ordered Al znS SI v/ould be jaonoclinic (ranldine) and K~foldrpar with 

ccopleta Al &nd Cd ordering would bo mScroclino vith a raaudj-ora der^ea of 

triclSr/iclty. They establirfied that tha spaeing b5t\«c-n the 131 and 131 

linos; vtic a maam-a^ of tho ordering of 41 pnd ?i in K-feldrp.-ar; tJi?rcfore, 

they u&-3vi these two reflections la orrlor »o calcnlsto triclinicity according 

to the following empirical forrsulat

(triollniotty) » 12»5 ^d(13l) - 'i(l31j7

In the c?.so cf sanidine x^iars the 131 and 131 lines merged into a Eiugle 

131 ll»3j th-3 t.ricllniclty v/ould be r^e-^o* Tho coneftnr.tj 12<5 # w?.s chc-son 

so thnt tho nost ordored rJ.crcclin-3 (ruixlsrun r.io.-ocllro) i^.lcH the/ ii.-.iVe 

X-rsye4 yould hava a triclinlcity value* of ;mity* In the present sttriy 

mrs from efjipljss 14A and 145 froa the rsix^d gneias trobunit (ts>e 

, and two Babies of K-fold0par froa the quart z-K-foldrspar gneiss 

(1903 rind 2544-a) and t^ E-feldfrpnr porphyroblasts (2544-c 1 and 254Z-3 2) 

froa tha biotito-quarta-feldsp-ir ^nel^s wre ntudied by ner.^3 of X-ray

The vntwlnxiod, high calslan K-feldspap from tho Ka^nstita rich la; or 

(144) gavo a diotinct conoclinio 2-ray j>attern* In addition both the 

untwinnod K-faldspar porj^i^Toblasts (staples 2544,«o f 1 and 2) froa the 

bir>tito-quarts«feldspar gnoiss gave distinct laonoclinic X-ray patterns*
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ln Table 11 the observed 20 values for selected reflection* frou t^ae 

three samples are listed along with the 2Q values given by Goldsmith and 

Laves (1954) for eanidine. The distinct 130 and 131 reflections and the 

complete absence of 130 and 131 reflections definitely prove the mono*

clinic character of thcso threo samples. The selected reflections for 

tha high eolsiui ea^ple (1/4) ap. oar to agroe better vith the data for

eanldino than do the reflec ions fron tho other i^nocllnlc sanplss* 

HoT'ev^r, none cf tho 2& v-slur-u fron tho tlircs samples differs by nore 

than 0«15 dogrwDs fros tho cc-rr^cpcrriing 25 value of pcmidine.

Thie car^plo cf K-fe-ldspar from the r.i^ns" lie-quarts-K-fcldcpar gneiss 

(M5) £av3 a tricllnlc X-rsy pvvjder pattern. The eai^ple gava distinct 

reflections for both the 131 ani 131 planes as well as for tha 1^3 and 

130 plar.^3 (»aa Tablo 11). All tha 20 values for ths selected reflccticns 

r.^"ree within 0,1 decrees with tha data of Goldcnith snd I^vas for nicro* 

cllns. The tr-'clinioity f; s c-iloulntod froa the forrrj1.a of Goldsmith and 

L'»v-2a is 0*9* This corrosporiun to a rslfltively hl^h degree of orif-rlng 

of .41 and 31.

Tho X-ray data fron the K-faldspar sangles fro^s the qunrta-K-feldspar 

gnoies (1903 and 2544-a) sre vory difficult to intoi'i-ret. Both the PS 

samples contwin J:*a:i7 grains vhicli shov diet-inat nicroolina grid tyinning, 

K-5 It VMS cx;w5tcd th'j,t tJio S-rcy j'Oi.vlsr diagrsiis would be uore or less 

to tliat of sar^)10 145. This Identity was ovidcut for all the 

reflections azcopt tha 130, 130, 131 and 131| (oeo Table 11), 

Instead of giving distinct doublets for these t^o pairs of rofl3otionat 

Jx>th sar^rplcs gftvo a ainglo brand asnyrrotrle peak on the spectrogram in 

the ranges vdiere doublets wsra expectod. However, Etsp^riE^soscd upon these
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Table 11. Partial X-ray powder diffraction data on K-feldepar,

Monoclinic

hkl

29* 
Calculated

FeK d*
2Qfl

CuK .

K-feldnpar

20, observed, CuK ^
144 2544c (1) 2544c (2) 190S 2544a

201

111

200

130

131

202

040

002

131

222

041

26.4

23

29

29

31

34

34

35

37

3*

38

.4

.0

.6

,0

.3

.6

.0

.7

.5

.9

4.2390

3

3

3

3

3

3

3

2

2

2

.9460

.8661

.7394

.6222

.2327

.2551

.2190

.9960

,93SO

.9070

20

22

22

23

24

27

27

27

29

30

30

.94

.51 22.5

.93

.46 23.55

.56

.14

.33 27.55

.63

.80 ^9.32

.42

.73 30.73

Triclinic 1

hkl

201

111

200

130

130

131

202

Calculated 
FoK

26

23

29

.5

.1

.1

29.3

30.3

30.7

34.2

/;

3

3

3

3

3

3

db

.2233

.9373

.3531

.3273

.7033

.6567

.2920

2( 
CuK

21

*
145

.02

22.5 22.5 22.* 22.5

23.6 23.6 23.53 23.6

24.3

27.03 27.02 27.09 27.05

27.55 27.55 27.52 27.53

29.33 29.37 2?. 35 29. -39

30. rip 30.85 30.£*5

'^**>l^'"%r*

29, observed!, CuK i
1903 25/Za

22.. 73 22.3

£3.03

23,.22 23.25

24.01 24.02

24,

27,

.32

.06 27.04

23.1

23.1-23.2 ?

24.0 23.9

27.09 27.05
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Trtolinic K-ftddspar

Calculated 
hkl F«K db

220

002

040

131

222

131

022

oa
W»l«»«l 1 ! »   

34.6

34

34

37

33

33

33

33

.7

.8

.3

.2

*3

.9

,9

3

3

3

3

2

2

2

2

,2551

.2460

.2370

,0270

.9582

.9508

.9070

.9070

2
CuK ^ 2ft, observed, CuK ^

U5 1908 2544*

27,3B

27

27

29

30

30

30

30

.45

.53 27.52

.43 29.47

.13

.26 30,19

.73

.73 30.33

27.52 27.53

29.6 ?

30.15 30.15

*>.«» -

alhta for eanidine frora Goldsmith raid Lc.vor, 1954. 

bl&ts. for rilcroclina f!ron Oolfls-illh and laves, 1954. 

144, frc:n na^netlto rich layer, irdxod gneiss sub-jnit.

1451 frcia nngnetito-q:;arts-K-feldspar j;noir,sf nixed gnelsc s^ibunit 
ix>ck to 144)  

2544c, (1) and (2), porphyroblasts froi biotlte-qiiarts-ftsl^B.orr gneiss 

ISC^S anc? 2544a, fro:i qunrts-K-foldspnr gzioiss.
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broad peaks are identifiable subsidiary peaks,

In sanple 1903 a very strong and distinct subsidiary reflection Is 

present at 23 « 23*58f vJhich corresponds to the 130 reflection of ypnoelinio 

K~ feldspar. A second less distinct but very obvious subsidiary reflection 

in 1903 is present at 2© » 24,00 f vliieh corresj/onde to the 131 reflection 

cf &iQTp.a.lJjrc9« In edoltion a rather faint subsidiary reflection may be 

preeont at £3 « 23*1 ~ 23.2 \hich would correspond to the 130 reflection 

&? Dl££iillj22.« Furtb&rruvre, sample 1903 has a distinct subsidiary 

rjHec ioa Era^rinpocoi on ths broad refl-sctlcn at 29 =» 30#15 f ihich v<ould 

ca--'ro5po.i.-l u.lth the 131 reflection of £jcrojslin2«, In ad'iition thoro are 

v>ry faint lut diofcirjct sub^idiaxy reflections at 2^ * 29.S5 iir>d 2S « 2*.6 

v.'liloh wrald cori^spori'l to the 131 roflacticn of gWTOjslinia K fsldap&i* and

r^Vlo 254C-a has a vsry stroii/» cubsidiary peak at 25 » 23.6 *,hich

cDiT03,.-..:^n c-.VTiCtly to tha 130 r^/leotion of ra>-qgl3_?iie lO-foldspar, In 

ad.'itirn thar; f s a o-Lctir^et bit voak c^tjidlKi-y reflection r.t 20 » 23*9
w

»Aich oorrsc^onds to tho liK) reflection of riic.rppl5.ng,. /ileo in csr^ple 

th;;rc is a Viiry string subsidiary reflection at 23 =» 29,39 v&5cb 

clo^aly with the 131 reflocticn of

There is s £ii(T^Gation of a subsidiary reflection of 29 ** 30*15 v&ich 

corresponds vaiy closely to tho 131 reflection of rdpyc^llns* I'o sub- 

rirUary r^flactirns correspond in ̂  to the 130 end 131 planes of rsioroclino 

:»ro clearly apparent in ennple 2544^-a«

Inarasuch as alblte is intorgroun In perthitic fc.^iion with K-foldepors 

1903 &n-i 2544-^>it ie necessary to consider the effect this id.ll havs on 

the X-ray diagraric, Goodyear and Duff in (1954) have pro canted ths
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powder data for a aeries of low and bifh temperature pla^iooleeo feldspars. 

The 0-40 reflection for lov albite (the reflection of greatest intensity) 

van compared with the corresponding reflection for JUfeldepar in both 

3a23plec. In each cample the 04,0 reflection for K-feldspar was from 4, to 

5 tines inors intones than use the 0-40 reflection fron the intergrowa 

albite. The data of Gcodysnr and Duff in (195/J for lew ienp-orature 

jjLlbite-oliroclaes indicate a 111 reflection vith a 2& value? botu^on 

23.6 and 23.63. This albiic-olifroelaea reflection -^uld not interfere 

with the 130 or 130 reflections of nicrosH'ie, bnt It could amplify the 

130 reflection ei' nonocliuic E-fsldsrar, lte'jm?r in tho light cf v.!.e 

larga intcrtsity factor (4-5) ia favor of K-foIdsp.-.r, it co^ia highly 

ir.prob:,b la tvst th5c 111 r-?fl cert ion c^-uld c&uss or c-7-Mi fnflv.vncs tho 

v^i-y definite r:nd rcth^r strai^: s^bciiiary rr.flcct?.o:i .-1 35 - 23*5^ 

ani 23.6 vfcich hers bc;-n r,Dt>d to correG;X>nd to tl;3 130 reflection of 

i^nacllnic Jr-f^Mcpr.r in c.-^ploi 1903 pnd 254C-^« n^ l5l ^Hecticn 

cf nlMic-oligoolc^ is in tha na ra^s of 30«0 - 30.25. This ivflc^. 

tir-n iir.doVibteily ban 5nfltic:ncdd the strong cubsidiajy s*ofl5ction in 

s,-:irle 1903 ct a 20 vtili:s of >1 S 15 (131 rderoalias). Again the intensity 

factor r'n favor of K-folAcpar r.:il.*3 it vuilikoly that the influenca of 

thlo 131 ftlbitc-olii'ocl^se inflection could be £roat enough to iudo- 

p^nd-7-ntly c^usa tho Biibsidii^y rc*a3c at 25 » >0»15. -n --idlltion no alVit^- 

olif;cclsea j-oflocti r ns aro indicated xjh^.ca could c^use the vory faint 

but distinct subsidiary rcfleoticns at 2S * 20.B5 end 29.6 (131 of nron 

cli^iio and trlclinic lUfeldrpar respoctiTely)» Tlnrefore, it is C'- 

that the influence of the intor^rowa low temperature albite-oligoolace 

on the K-feldcpar X-ray povsiar diasrea for th9 two espies (I90?i and



2544"*) froa the quart&-&»feldspar gneiss is not adequate or of the 

character to markedly alter the diagram* It seems even sore unlikaly 

that the albite-oligocla^e could influence the K-feldspar diagram in such 

a way as to produce the two broad reflections vith the particular sub 

sidiary reflations* Lopocially difficult to explain on the bfisis of 

albitc-oli£ocl*iso effects is the very distinct and strcas subsidiary 

reflection at 23 » 23.58 and 23*6 (in 1903 and 2544~a rospooil\~cly) 

vkich correspond to the 13-3 reflecticn of ^cnoclinic K-fcldcpsr*

Thsre aro two interpretations of the Z-rr.y powder dia£rnaie of esa- 

pl33 190-3 and 25/<-4-A fron the f;Unrta-&-foldppir g-neios. First, It 10 

quits pocniMe that these E-fcldspru-c correcporid to nicrocline rf euoh low 

trlclintcity that thi dcul^l^ts 131-131 c.ni 1^0-130 p.ro near cr &t t!«9 

point of iKrcins> 00 that instead of cetting; tto diotir.et inflect I-m in 

those i'^n^Qs-, tie vac the cnc^ for ths nicrcclr'ne, cno obtains the tvo 

brcid reflaoticfls yith the nxiosidiary reflections fcUpt-rii.Tpossd. Kovrrv^r, 

if nadi faith is placed upc:\ the^a cubrldiury rsflecticr.g a \Eiolly 

different int-crprotatlon is apparent. In brief these K-felclspar samples 

riay consist of a mixture of tjrijsligifi siici^clins end ponoclinio K-feldspsr, 

Aa indicated previously the EubzicUtry re-flections ccrrecpond in part to 

rafl.scticcs and in part to n.oirx?linic K-feldspar reflections,

a nixturo Plight orlgiuito bj the i^ovx^-lr-te inversion of an original 

It?onocl5nio K-feldepar to nierooliao (I^vos^ 1950, 1952)* However f t-:s 

ponsibilitias for developing nuch a reixturc ara unlimited* Goldsuith and 

Laves (1950) have o>^irriined cin^le crj-stols of E-feldffpor in i^iich tl:ere 

are areas of ri'.onoclinic snd triclinic oyisrwtry. In addition Karlcer (1954.) 

has reported £p?anJte gnaiss in tMnh orthoolase and mioroclinQ occiir
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together , not infrequently in tha *aa» crystal, Furthermore, KaeKenzie 

(1954) reports tho occurrence cf ortboolase and microcline in tha earn* 

rook as wall as in the saoa cr/stal. These observations lend sone 

substantiation to tha hypothesis of aiaced X-foldspar polyraorphs. 

significant is tha fact that the samples 190S end 2544-a from 

feldspar gneiss ore very clocfly associated with tha biotite-quarta- 

feldspar gneiss t&ich carries the rysnoclJBio^ K-feldspar porphyrcblaots* 

.'kvirple 25/^-a actually conss frsa the identical hfindcpeoln3nf (ehovn in 

/late 11) as aocooliaie E~felds^?ir porphyroblicto 254^-c, 1 .-ind 2. 

Thus it uyu&d not be c^rprlnin- to find monsc-linio JC-fcldnpar nixsd t.dth 

v?ll tvinr^d (triolinio) r.icr^clina i^ the cruart&-£-feld.sp2r gn'3is-s» 

V:.ry lively tha ga^a situatica wold exist In th-a F^itriz iUfr Hsp^ir in 

tha );iotitc-Ktuart&»feldspar

It hcs basa ehown thit tha untvlnncd K-feldepar i^iidi is «c3 

with ;a|?i3tlto rich layers is E^noclinio and curries up to 10 per 

cslBicn in eolid jolution. In addition the K~feldspar porpJiyi^obl 

froa tha biotite-qtiarts-feldspar gneiss ere ncnoolinle* Th3 K-foldspar 

?ra& tha magnet ite-qusrts-r^feli!spar gneiss of the isixed £:r̂ iss subunit Is 

dieroeline -.^ith a triclinieity of about 0.9 and has less th-n 0,5 psr 

cent ealsian in aolid solution. Z-ray data indicate that tha R-f eld spar 

fr«a tha quarts-K-faldBpar gna.lss is not a true triclinlc nicrocline^ 

but it la either nlcrocline with very low triclinicity or nor© likely it 

Is a niarture of both triclinic 5-feldspar (nicrocllne) and uninverted 

Kionoolinlc K~f©ldspar» In either case the bulk triclinicity value of 

the K-feldspar frca the quarta-K-feldspar gn-lss if? considerably lees



than that of tho aicroclina from the mlrsd gneiss subunit* Chemical, 

petrographio and £-rey data all indicate that the amount of exsolved 

albite intergroiai in perthitie fashion is 11 per cent or less in the 

K-feldspar fron tho mixed gneiss subunit» 10 to 15 par cent in the &  

feldspar from the biotite~quart*-feldspar gneiss und as much as 20 per 

cent in the lUfeldspar of the quart&~K^feldspar gneiss*

The oonoclinie sytsaetry of the celsian rioh Weldspar froa magnetite 

rich l&yorc id difficult to explain* Inasmuch as there are so oany un 

solved problems eonoerning the stability relationships of the a1.frall 

feldspars (Laves, 1952f 1954) * it is inappropriate to propose a special 

set of physical conditions (pressure 9 temperaturef thermal historyt etc.) 

to account for the aonoclinio eyE&atry of the high enlsian K^feldepar, 

Laves (1950) has proposed that nicrooline grid tulnning is a transfor 

mation type twin i&ich develops during the inversion of nonoelinie &» 

feldspar to triclinio lUfeldspar. In the light of this hypothesis it 

eeems likaly that the oelsian rioh K»feldspar fonasd under the cane 

general physical condition* (composition excepted) as the wall rook 

oierocline, but because of its high oelidan content it did not invert 

from the monoclinic to triclinic form as did the low eelsiaa tall rode 

miorocline.

The variable content of exaolved albite in the various K-f&ldspare 

as indicated above is petrologically very significant. It is evident 

from the alkali feldspar solvus curve (Bow&n and Tuttlet 1950) that all 

these &»feldapargf vhich are ocly slightly perthitio and are not true

mloroperthitee, probably cane to a final equilibrium at teaperatures less
\

than 660*C. The difference in albite content of the &»feldspexs indicates



that th* quart B-IU feldspar gneige oeme to a final equilibrium at. a 

significantly higher temperature than did the K-feldcpar porphyroblaste 

or fcatrix microcline In the biotlte-quartij-feldepar gneiss. As the 

magnetite-qiiartz^K-fBldgpar ffneiea ia uncatxirated in albitc it is difficult 

to ootipare the low albite content of its K^-feldcpfir with that of the other 

tws rook typos. It is difficrult to explain t£y there should be significant 

tarupernture difference betvo-an the biotito-nuart*?-~folds:mr (psiss and the 

intimately associated quart &-K-f eld spnr irmiss. It ia mi^octed that the 

qiiarts-r-feldspar cnaiss rioy havB crystnllir^d frcs a fluid (ra^ns) \^iich 

inti^uded end pamoatcd elder rocks ani by r-^atar.or:ati£n has c<ra&3d *ha

nt of the lena pe^thitio K~feldspar in t>jo biotito-quarts-foldBpcr

'fha low tricliniolty of the K-feldtipar from tho

r^ar gneips end qx;arts.»K^fcld3par grioics as compared to tho highly triolinic 

rJLci^cli^s fraa the nixed f,neics jrjciinit suggests th-it tli3 lattor ^^io^a 

oi'icift.r.tod \indar i»:^5ijh-it diff&rant p^iyslcpl cc^diticns tl-.sn th? cvah^ 

s-abunits.- T^stativDl/ it is pu>-gestbd that the nJ.eroclins in tho 

SAeisa cubisnlt cryetalli^^d &t a lo\»r tenper&tiire and po.oeibly \^?as cooled 

at a elouar rate enabling glister ordering of Al^* and fd^ than ia the 

K«-faldcpars in tho other tv« gr&isros, TMs hypothesis is in fe 

vath th3 idoa that th$ quarts»:1!i--feldf;par {^noica VMS possibly rjn 

rock i^iich crya-tallis-ad at a higher ter^wraturo (cs indicated by the> 

£Trester porthitis ia tar growth) and probably cooled at a more rapid rate 

than tho nixsd gnsisg subunit« !ten<r? t the K-feldspar of the fomar 

gneiss did not cotapletely invsrt to mioroolina but instead retained nuch 

of its original monoclinic character, i, e«, greater disorder of 

and Si^*



ZIKCOH

The siroons in tba jaJxed gnaio8 eubunit are quite distinct* They 

are very snail spherical shaped, disseminated grains and are colorless 

In thin section. Earely are the zircons elongated end in this case 

they umally have rounded terainaticas* Zircons vere separated fron a 

layer of (^rn:t«-blotite--eillir5anlte-quartz gneiss (B-151f| Table 6) 

from the tdxed gnsiss eubunit. There vsre at least tvo varieties of 

clrcon in the concentrate, The isost abundant type Is a p'nkinh brota 

color and had thq following color fornulai

o » broiialsh yellow^ 
± o » 11$itor brovnich yellow,

?ho eoccnd vririoty of girooa in the concentrate is lees alr/ndant and 

is of distinatly lighter color. It is pslo lenon yellow i/ith no brc-^iirh 

ti-itst It appejirs aliaoot colorless i/iich is in r^rUod contrcst to the 

piakijii broyn of tha principal variety. Both of th^rx3 VTii'icties cf zircon 

ara dl«7t*n*ti1>3y reiarlcd, »Sx^ ^Tains Ri>a j^erfoct t'^i^rea Lut clhort: -r-^ 

sliirhtly elongated ^ith rounded terniinatlonst "Jhe prcsaneo of tvo Idutido 

of rovrjdod zircons in a (praiss i^iich has s-ieh etrrng n9t,asedi:.>3n4-'iry 

affinities is indeed sugj^etive of a alafrtic origin for tha zircons.

Zircon In the quirts-K-foldspar gneiss is of a single dintittct t^>s. 

It is a dark reddish hroun color and fairly pleochroio* It i.ir.ir.l1y cc- nsrs 

«o die^rjninated, stub'yf ei±?dral ciyst^ls. Tha cryotol f-ic&s rj^J . '*.-  

ti&ss sli^itly rounded (resorbed?), lliis zircon io qiiito disrfcincrt la 

color and sjorpholoijy fros the zircons dsroribsd ebovo ar'id orrsijx.Mo to 

'-fcs.t rdght be considered a primary igneous sircon.

Frora the abovo descriptl-:-n it ni^ht be concluded that tha siroons
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from the nixed gneiss subunit are of aediasntary origin and ir^icate the 

sedtamtary affinities of much of the nixed gneiss subunit. la contrast 

it is migrated that the 2irccns of the quarts-ft-feldspar gneiss are of 

prinary origin and indicate that the gneiss is a Bagmatic rock.

I'lthin the rdicon unit In tha Edison craa garnet is preoent in ell 

tho principal rod: types. Kov^7»rf its distribution ia quite irregular 

yithln the to rock typss* 0 m3t occurs as dissaninnted grains fend as 

rc'blcr.tic aggregates of £2vJLns usually oriented in tba fabric 

of i,ho rock. Generally, the c^mot is intcrgroim with iron o:d.deg 

and qii^ts in a poikilitic f^cMon. All tha gr.ri5cts ars G pink to r-ad 

color.

In Table 12 IE lirt?-d a cor:.rAot3 chemioal analysis of a gamot 

(2~l$3a) i^jidi u*^ e^ii.-i\iu5d fron a .^u^nvtits rioh layer frcm the Retorts 

115.il*. Tha g-'aT.ot is a c^os-pLTvito-olinandite vith less than 15 i>>ole ^r 

cent of the cuhor ^irnot r*clo<?ileo» Fcr eonpariscn an cnalyeifl of a 

garret from a partially granitisrd paragnaioa fron tho Adlrondacks (Engal 

and Lnjcl, 1953) is included in Tablo 12. A ueight per cont laodal analysis 

of tho rock fr::i vfdoh the garnet was DSporated also is given in Table 12 

(B-153a)« 'Hie rock corresponds to an ore and rdght be called a

A, &3Tple of garnet was also separfitod frcn a layer of garnet-biotlta- 

sillinanit0-cn:£rts gnaiss (B-151f, Tsble 6) fron Uio uilxed gneiss eubunit 

and analysed only for I&O. The analysis is listod in Table 13. The 

CGSipositir.n of tho rock correepondn to a rock of nDtasedioontary character
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Tabl* 12. Chendcal composition of garnat,

Si°2

*&

ra>2

FC203

FeO

HaO

Hgo
CaO

1130 +

V? ^\ ii*^w  *

P2°5

AlaJrtit.

Sp©3»artlte

Ar^dradite

Groosularito

B-153a

36.^

20.82

0.05

1.50

21.92

H.51

1.11

3.5S

0.04

0.06

« 1

50.7

3^.2

/*.6

6.0

100.0

*

33.03

22.05

0,07

0.59

29. 13

1.57

6.49

1.80

0.13

0.06

0.05

ICO, 27

Mode, B-153&, Wt. g

quartz 39 1 2.0

E-folcTspar 13 1 1.0

sagnetite 33 1 2.0

biotlte 1 1 0.2

Carnst 5 1 0.5

aecosaories^ immj± i 0.2

ICO

» Garnot froa na/jnetlte rich {pioiss (ora), Roberts Mine,
, Hev Jersey; d » >C»157, Doric Thaanlits, analyst, 1954.

* Garnet fro.ts partly granltisod pora^ieiss, Adlrondac^s, B 
Eagol, 1953.

Apatite, fluorlte, zircon and

and



although ilsS proportion of ore 10 fairly high. The MnO content of ths 

garnet 10 12*7 -1.3 weight par cent, which corresponds to about 30 nole 

per cant spenoartite.

A. sample of g&met was alno eeparated from the quart &-K~feldspor 

gaoics and analyzed for HnO. The analysis (1903) is liated in Table 13, 

This garnet carries only £.9 - 0.5 weight per ernt HnO ^dch corresponds 

to 11 mole per coat spescartite.

Table 13* l&O analyses of garrets*

B-lSlf* 1903*

(wt. %) 12.7 * 1.3 4.9 * 0,5

B-lSlf, fron a 2artiot-biotito~sillin:initc-n.ruart3 (jnoi^a within the
nijisd gnaiss subunit, 

1908, froo quarts-!&-feld8par gnsiss.

* Analyzed by the I ?inr.ea^ta Hock An^lycis Laboratory,

Mlyashiro (1953) hag pointed out that at high nataF-orphic g^Ai^Q, 

asphibolit© facies or higher, the comr-osition field of Fyyslspitos i,i 

enlarged sraoh that Fe and l-^g rich garnets can fora as raeilly as Ma rich 

Carnets. In essence at srjoh r,at,'^iii7>hic teaparaturss garnet dr-38 not 

distinguish between tlie 3 i<".-i? nnd as a rsfiult the composition of the 

gamot la a eonaequnneo of the composition of tha petrolc^ic syrfterj. Thiic 

th® difforences in MnO content as describsd ebc;ve indicate dlfrbvcneaa 

in the HnQ content of th^ rock forming system. Tharefore, it ssemg; cafe 

to conclude that Mn is enrichad in the nJ.2©d gneiss subunit (ore 0ono) 

relative to th© iron poor wall rocka cuch as the quarts^K-foldspar g!ioiss.
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The following section is devoted to the detailed description of tbo 

na£T-otite~heF^titQ-.ilrjoriit0-rutile parafenesic (iron and tltaniua oxides) 

of the mcnatito^aGrts-IU-feldepar gnoiss and the related rooks of the 

"idicon unit, 7h0 observations ha*3 been nada mostly on the sa^plec tak^n 

frr/a th3 Sdicon circa although the data apply to the ISdison unit aa a

:tie 3ifpotit3-qi:art&-E-foldopar gneiss of tho ShoEEan unit has 

included in this disewasioji*

Tho cxrif-nstion of tho iron and titsni-m oxidos has been of a 

nd chonieal natura* liuraarous poliohod srurfaooa of the 

ts-K-feldepar c^aisa and its variations as usll na &

of policbod eurfacss of the biotits-quarts-feldqp.ir gioiss, 

par gneiss snd lirx-3 rich subunit ^jcre C'xmiaod, T>ioD3 

pst**o^'^>ic data are ^rvr-oi^r-d in Tables 43, 5* 6, 8 f arvl 9. The 

cheriicnl data 3noli.de the partial ch^r.ical analyoaa of the i^agnetio ciid

and titaniua oxide fractions of fiya ea^iplea of njc^sti 

ir gneiss from tha Edic^n area and t^irea samples from the 

. The iragnetio fraction includae nagpietite and any inter* 

r,lnv.rals such as iliianita and h^saatite, Ths ndv*na£pidtio fraction 

includeo hox?.tit-3, ilx>3nite t ond rutile which generally occur in Vririoua 

i-utorgrovn asaa^blaocij* The pai-tiiJL cljeraleil analysis of each of th-aca

fractions invt)l\T3d the detamination of TeO, FQ^^S an^ T^°2* Ttes3 

partial chenical analyse of tbj two fractions frtra tho si girt sarnies 

are Hetod in Table 4A along vith the nodal analyses of the rocks fron 

Which th$ etrsplea \rare taken (Table 4B). Tba modal analyses were uad©



from three thin sections (two of which vere stained for lUfoldoparj 

Keith, 1939; Cbayea, 1952} and two polished eurfacea of each eajaple. The 

partial analysis of each fraction has been recalculated to 100 per cent

for iron and titaniura oxide minarale cjj fonn^ ifl QT& ppliahefl piurface 

frfl of tb« particular caitple. Thoce recalculations ere also

lictcd in Table 4A« Knowing the weight proportion of the xaagaatie and 

non-magnetic fractions in onah e^splo it hr*R bee?n possible to calculr.te 

tho actual vtei^lrt tor car.t cf the iron enl titanium oxids minerals in 

as.ch i-ocJr, the GO data are also listed in Table 4A»

Tha iron and tltaziiun oxids eyctcn is tost ropi^s^nted Igr tho TsO -

Te^O- * TiO tri&n^ilar dicf^r^i (Fi^-r-3 7), All the oxlrlo 

dif-CviSced in this eoctioa with tho exception of that frori the qua.'tz- 

ri-fclr1.ipar gneiss have a bull: co^opitioa \'?11 to t!i3 7e«0^ t*id3 of 

tho rcagnstite-iliaonSte join. The firat j>art of tliis ctor.crlptioa dcsals 

vith tha iron and tit^-iiiisi oxiuc a in tlie r<;?'3tito-qiiaruj>.I>*fcldc;*.ar 

^olcs - :.-id ito litbrtlo^io v^riation*| in tho last part a brief di&cripti 

of tha iron nnd titaniics o,d.c!es in the othar ctsbimits of the F-ciisoti unit 

is presented* !rhs entire disciicsion is contoir>d about various pert ions 

of the iron and titaniuo oxlda eyetoia. First, the ryxgnetite-ilnsaite- 

heratita portion of the system \Jiicb includes the raagJiotio fraction is 

Lod. recond^whe iL^^nite-heiaatite-rutilo portion of tho system 

i2?aiude0 the noa-wa£T3tic fraction ic discussed. ;'in .l 

iron and titan iun osiue intergrovthfl are ds scribed*

Hapret it_<s>ilriQ rti tg ji

It is veil laiown that rn^nctito 1207 crony a consid

erable amount of titanium in its etrisctur'e at clevatad tenneratureo



Wustite Magnetite

FIG.7 Triangular diagram of the iron and titanium 
oxide system showing possible minerals

Hematite



(Raiadohr, 1926, 1939, p. 660, 1950| Edward*, 1938, 1952} Chevallier, 

1950; Foelie, 1923, Jourvaky, 1936; Poulllard, 1949, 1950 and Buddington 

et al. f 1953). 1-iany analyse* of such titfiniferoua aagnetitea recalculate 

to cccjpjsoitions vdry near the Hagnetita-lljssnite join. Generally the 

excess titanium has exsolved a» ilraenite frojc the nagnetite structure. 

Fi*3queritlyt hovavar, analysed aagnotites carry FeO in excess of that 

required for the forriation of the ilnsnita niolec^le and thoi^fora are

raerlculat&d into iHvoGpiaal (Fe^TiOj). ilr^nltd and aagnstita or Just » *^ '

tUvospiiicl and Emgr^tite. Tlieae eariplas froqi^ntly carary exoolved 

Glvospinol c-^s lenc3S parallel to the eubo plane {^b^n&cn, 1946) Hs^'lohr, 

1953; Giraxiit, 1953)   The exparl-^ntal data of Darken and Curry (19^6) 

shows t-;at pure ctagnetite never cazTies excess v3atite (F@0) in its 

Dtruotura at toy te^orature* Hoover, there sra a f-ti natural mg- 

notitea ^i*ch o^rry FaO in excoas of that ^hich can cortbirrj with ^10^ 

to foru HlvDsinel or with another cefftdoxida to fora &OIB?. othsr epirx?!

o3s)» Thsro app^r.rs to ba no

obvious ttnswr to this disor^pancrjr betyscn the synthetic and n 

njifpietitos* Mr,ny ca^plog of analysed magnetite carry GXCQSS Fe^O 

are generally int3rgro«a to 00220 extent with honatite* All the a 

frocn the jna^jtito-qiiai'ts-fi-feldspar f^wics arc int 

ta so thit the partial aruilj'c^s al«./?ys rocalaulat© with 0x200

the staples of aagnr>tlte which hava to&n

in polisbod 0urfao3 aro intorgrovn ^dLth ILn&nlte to SOR» extent 

*-.jid iGay therefore ba called Jlcenar^tnatito, As con be seen frosa the 

analyses of the magnetic fraction (Table .4A) the nole per cent of



grovm llnenlte varies from 0,4. to 4.1. In polished surface cross 

the intergrown ilraenite hen the form of long thin "blades* %hich are 

oriented parallel to the octahedral plane of the host oagnetit* (Plate 12)   

These "blades" terminate by lenainc or pinching out. The "blades" are 

from 0.02 to 0.10 mm thick and my be 20 to 50 tiroes ejs long. In throe 

dimensions the intorgrovr. ilnenite isuot be In the fora of planar disks 

or thin tablets vhich are orSeirtod in the octahedral plan*}. Soastinsa 

il: unite is intorgrown as irrG£t'lar shaped grains which ere concentrated 

"n?pjr tho bor-Iurs of ths host n^notltc,

Although no experimental clv.ta 0.^2 availaMo on the laagnetlto- 

Hj-u^li-a ryiitri, in vlev of tho percent hao«l:dgo of titanifernus &sgac- 

tits s (Hsr.-1ohr f 1950; Duidln<jtcn ct -a», 1953;lor». cit,} it secnks osi-tain 

thfft the intor-;royn i^j^nit^ ia of crcolution origin. The cctusl content 

of Dolii ecltitl..n TIO^ is e.-srfcrsr^v/ lo-.», and vr^ries from O.H to 1.39 

 J5>i;-*it per cent of the r.^nofcio fi^.ct-Io^, Using tha TiO content It is

noted tV=at th^ t5"npoz*at\;j*o of foi'..--'ition of the Lu

^jncios corrcq^oiids to that of tho lovyr ran{*3 of the aophibolite fades

of the Adircniao^s (Eudlington, et altf 1953)*

i arn t i t^ (Ei?-rtito). All the s&gaetite within tha magnstite- 

ar £'ti&ls3 is ijatergroT£3 to gone extent with hftrr<atite. As 

can be se n 5n Table 4A the nole »>cr ct-nt of int^rgroin he;,iatlto varies 

from o»l to 32.1 of the hoot aagnottte. In poli&hcd r-irffcce croas soot ion 

iho intsrgrovm hematite has the fern of thin filns or triangular eplkos 

which are consistently oriented in the octahedral plau& of the host 

negnetita (Plate 12). Thus tha actual shppe of the interne »n bodies of 

honatite is that of thin plinar dieks (filins) and thin uedgea (spikea)
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both oriented in the ootahedral plane* These bodies may be so small 

that even the finest grinding would not enable their clean separation 

fron the host magnetite* Thoy are rauoh snaller than the ilsK*nite Vexiles, 

Ufcen the hematite oontont is high, the films and spikes fora em intor- 

locking ootahedral network. In vary heraatitic market It® the fllrss and 

spikep coalesce to yield blebs nnd grains cf henatito of lesr regular 

fcya than the films and spikes. Thus nagR&tite with sp.irsa hor-atito 5u 

a rory regular ocrtabedral pattern pssres into r/icnetite with a vr?ry large 

proportion of haroatite as filtan, spikes, irre/jiilar bl-?bo, grains o?id 

patches* Occasionally actual veinlots of hanatito <rat across the ! oat 

magnetite.

In a eln^la ere.in of n&gasiite the distribution of hcr*atite v^rios 

conaidorably* Often tho h&aatite is oo icoati^atod rtlcr^ tho bor-Ior of 

tho best t;ra5jn. In this case tbs fitna and spikca of hcnctitc j^oj^ot 

in frr*m tho borders of the r^jnctito end rsJ-ortly die out 5nto Ui9 (jiviin. 

Svcn inore striking In the dirtributicn of h-^atlte r,lo;i,7 tr.3 Icr-lers of 

cracks nnd i^lnlots vithin tho best ir*arp-3tite* The cracks end vjinlets 

are rarely filled uith hcnatitc but filns and spikes of ho^tit© projoct 

outvard fron the border of tha fractirrcs and die out rapidly a\ny fs^na 

the.1. It eppe&re evident that the distribution of h&satite is controlled 

by ruch craoV.s and vainlcts as voll as by ths r/j^pctito o^-^ bound?j»5.eo*

'&}& amount of intorgrovri her^ttite vcrioe rcdicslly frora crain to 

grain vithin a single polished cvrfcca. Ilius, one magnotits griin ray 

cc?.rry as much as 70-30 yolme par cK-nt of henatito and an adjacent gr^in 

as little as 10-15 per cent*

In the nagnetltQ tho intcrtTown h^natite always shows a consistent
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textural relationship to the intergro\a ilaenite tablets* Films and 

crplkeo of hematite are oriented parallel to and athwart individual 

octahedral tablets of ilxaenite* Those at an angle sharply terminate 

against the il&enite "blades1* but navar cross cut them (Plate 12)   

Such sharply terminated filrasand spikes of hematite are navor found to 

hav® a continuous half on tho opposite aido of ths ilisenita "blado% 

ss though tha ilnonite replaced a section through the rdddle of a fila 

or spiks of hsrmtito. Jhosa toxtural relational ipa suggest that the 

ilrasnite disks fox^M before the inter^-ro^n filnsand spikes of henstlt^- 

and that the latter grew in the hoot nagiVjtita up to tho ll::cnlt;>-

5-ntsrface at vliich point their t^rovth p.bruptly tciTiljvited.

a end Guny (1946) as uall as Crcig, ot* al« (1935) e^^d 

Cchraahl (19^1) ha^a choisi th?.t r^netite t^cec Q::COSS Fe^* into solid - 

solution only abova 1000*C» This fact inclic:.ts3 that tha rt\crmtito« 

henitite lntergro!-ftbs aro not of eisolution origin* To th^ contrai-y tha 

oxpor5i-s?r«t.2Ll data oc^ol£rd vith t?i-3 ditrfc^r.et tcrtural ralptionnhlps 

described aliove provo that tha intes-jroia heiraitita is an alteration 

product of the host ragnetite and thus iray ba oorroctl^' callod jssrtit5» 4 

Tho dolicata nature of tho intsrji'ov/th and tho ootaheflral control show 

that tha alteration wns of replacement nature. ?ha alteration is cc:s- 

eiiored to b3 of a retrograde nature in that it is postulated that t!;Q 

ftarbita ce^lopsd during tho cooling otaroa of the rock in rocponso to 

changing phy#«ic£?J. conditions, ""his hypothesis ia dsv^lop3d in coro 

detail in a subsequont section \j!iioh doals vlth tho physical cho;iictry 

of the iron and titanivca oxida ,'r/stea*
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, In nearly all tbs sanplea of isagDetite-quarta-K-

feldspar gnoiss i/iloh w^re examln&d minerals of th« non-osgnetic iron 

and titsiniun oxide fraction wara obcarved. Ifcese include tho sinsrols 

hsc^tito, iliaonite, rutilo and various distinctive intergrowths of t.h?-au 

Of the ei^ht oanplas or rj^otito-quart^f^feldspar cnaiss vhich ware 

ucad for onrJysis (Tr.ble ^A) cJLl kut sanple 143 carried sufficient

o^tidss ix? cnnMo a ninnle separation and partial chaiaioal 

"he nr.n».ra£pivtio c^de fraction of thess oi^tt S£ 

l tho v&ricus inter^cvuhs \hich havo t<joa found 

tho tdxDd (^7-?icc nnbiir»it. Thus the eight samples ore \^ 

 2nd r^rcvitlo a Q-ood a^al>'tic-l frar^ov^rk o^ ijaldh to

for thij fdirvd ^ois

A^p con be sf*::a fron Tt:b29 43, the tiiyoo noa-pagnstio 

hc-r.at.lte, .Il2£n?t2, ar;i r?itilo f onc-i? in at lea at eight different vori- 

.ticp. ri;c: v.ri^tlns ere vr.ric*bc I-:ir,i£! of int^r^ovths uf the tl.^o 

rinsralo* In addition ec:;o of tha sables, auoh &s H9, 154, 153 £-r*d 

1^ hav3 p-^.U. amounts of cagnotite (nartitio) intortvoi/n uith th& nca-

o.:ri-dos, Nhare this hae boon cb-jorv^d the composition of tl'ia 

:rji;;*Te-fcio fraction h^s bfion recalculated to inoluds eor^ r,a^*netit^ 

alle 4A)» Th3 tulk cc-ri..vniticrj3 rf tho various irftercrcuAh:? I-;avo icj,n 

ia tha c-; -er;lc:*l nnal^fija t:nd frcsn pe!«rccraphic r3agiirr:;;-.iu*D. 

-ss are Indicated in TaLlo 4B by numerical sub^crintp. Tho 

of the various intergrowt)is are plotted in a h"?natito  

il»3nite-rutijle dia^rara (Fi^ra S). His diagr^G shows th^t tha intsr  

grovthfi b^lon^ to tv/o groups* One group haa ccen/^ositions rioar to the



hei&atite  ilnenite Join and the other group h&r. compositions near to 

the henatite-rutlle Join* These two group* are di sou seed separately 

belov.

The non-nag-netic oxides, henatite, ilnenite and ratlle, end their 

vnrious intorgrowthe with the exception of martite end a peculiar 

alteration of ilnonlte (cor:pooed of rutlle and hcratito) are all consid 

ered to be of prlrvary origin* There ar-a no tertur&l rel^ti^nr-hipc t 

suggest that the no oxidos are of eacondsry origin. Thece oxides a

texturslly 'to tho esnooiatod niangetite end are believsd to hrive 

conteij;x>raneous2y xdth it. In o'-Mition ^rlir^ry lidEatltc is quite

froa obvious secondary hsrantlte (icnrtite). The Rest important 

distinction is that cvirtlto Is cltsys cbvuid of any inter£;roi-ii ilnonite 

oi' rutlle vhile adjacent grains of prir-ary her^tito are w^ll inter^rcvja 

with there other ozidcgj. In addition there are clear color differences 

bett,-s-in primary and escondiiry he^tlto afl c'csoribod in Table 3/.

It is v--ry difficult to i-oco^nise all the rainoral pha&sg in the 

vsrlcois intorgrowths of nc.i^ri3^nc.tic oxidos* Tnlo le particularly true 

In ths extremely fina Intsrrrovths. rJhora ]x>srible pctrographic obser 

vations r«re cubct&ntiatdd by chcrilcal data. Liotod in Table 14 are the 

petrc-^aphic critc-ria v^iich vzre fov.nd znost definitive for identification 

purpose a*

* Thsra &rs tvo principal Irjter-

grovtha ^ich h?vs corjpcsiticns nearly ^n the henatite- ilmcnite join. 

IlKjenoh^'iatito is th-r i«t£: r(-Trowth richer in heratite and he.'soilTiir.ita io 

the intergrowth richer in ilr.enite* FrDqitently both these are intorgrown 

with nlnor anounte of rutlle. In such cases the prefix rutilo has been
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as a modifier to th« principal name,

Ilraenoheratite consists of host heaatiU with inttrgrown ilnenit* 

(Plates 13 and 14). The ilmenite i« intergrcyn in two dietinot forum* 

The largest portion of the intergroun ilnoaltt (probably 70-80 per cent 

of it) ie in tha form of thick lenses. The remainder of the intergrowi 

llrssnite is in the form of very thin disks \tlch appear as thin lenticular 

fiL~i3 in polished surface cross ejection. Bcth tha lenses raid filna are 

orirnted in the bar-si plane of the host her^tite. The cross section of 

individual thick lenses any be as much as 1/13 to 1/5 the? width of the 

entire ^rain of ilronohoratite» There are r .raly core than 6-10 rjch 

Tcnaof? .In an/ ninr^ls grain. The cross scotici of individual filns is 

about 1/100 the vidth of tha host grain. Tr.t-ro is definitely a eise 

disco"itirjuity bctwoan ths thick lenses and thin dir-ko of intor^rovn 

il?-^nito (Mate H). There is no indication that a continuous sise 

gr-'idatirn r-xlsts botv?3cn the thick lenses rrl thin disks. It is Inter  

entir.g thtit tho he'iutite ho(?t i^.-ediately n--->rt to the thick lenrsos of 

ilronite ic c.uit^ da void of any thin disks cf iL*n2nite (Plate 14). la

urithin the thick lensse of ilr^nit?, thin dinks of hen&tite are 

piresent* These disks of hotoatite ars similiir In forn, sise, and 

orientaticn to the ilnsnite disks within the beaatite host.

Hcnoilncnite consists of host ilisenlte vlth intsrgrotai hematite 

(Plate 15). ?l:is interf:ro\^h is entirely slrtlar to the ilwsnohar.fctito* 

In hcroilmonito her.atlte occurs as thick lerr^s and thin c'iska in host 

ilir.enito. Within tha thick lenpas of her-stita are thin 'disks of iVv^nita. 

In addition the host ilmenite is moro or less devoid of disks of bor.£iite 

adjacent to the thick lensss of hematite. '-11 the lenses and fil^c are
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oriented In the basal plane* Obviously this intergrovth is quite homolo 

gous to the ilmenohematite intergrovth.

Intergroun rutile in the heiaoilmenite ie seldom present. When 

present it occurs as irregular lenoas and as included small grains. Rutile 

inter-grown with ilmenohenetite ray be in such lens and grain form but 

usually it is in the form of long thin flat dicks uhioh are oriented in 

the rhombchcdral (?) plr.ne of the host hematite. Thus, ths rutile disks 

arc perpendicular and at oblique? anrjleo to the lenses end filers of ilnenite 

which are oriented in the basal plrJis of the hoot hematite. No clear 

evidence- vas observed vftich suggests that tho rutile disks fcrrad other 

than simultaneously t/ith the x.^iole fjiter{;ro T/-rth.

The preferred orientation of lenses and filKS parallel to the basal 

pl&no r.nd of rutile disks parallel to the rhombohedral (?) pLine ir-:part 

a great uniformity to the interyrovths of hcrmlr^nite, iL'^nohajiatite 

end rutilo-.Hnienoher^^tite. This is the single nost striking fwaturc of 

the se int urgrov/ths.

In most samples of the aiagn3titc-quarts-ll-feldsp:ir gneiss ilr^nc-- 

henatite or rutllo-ilaenoheiiatite is present. Frequently hf^rioilmenite is 

also i^resent f but it is loss abundant than ilnenohonatite. F^radohr (1926, 

1950) proponed a hypothetical ^eriporature-conposltion phase diagram for 

the ilnenits-hemni.ite fycteri .'.n which there is complete solid solution 

at elevated terporatures. Certainly the relationships described above 

can be simply interpreted us dua to the cx&olution of various solid 

solutions between innenite and heciatits. Thus, hRDoilm^nite rapresonta 

the solid solution moiaber richer in ilo&nite and the ilijienohexatite 

represents the solid solution meciber richer in henatite. As scsns samples,



as 149 (Table 4) carry both these oclld solution members, it way be 

concluded that the aagnetite-quartfr-K-feldupar gnoiee caae to equilibrium 

at a temperature below the crest of the eolvua curve co that tvr> colid 

,«?c»lntion members v^re In equilibrium. Vith cooling these two solid 

eoliu.ions would ex&&lve to yield the independent intcrtcrovth of te.3-. 

ilmenite and ilnenohei&'stlte. Frequently s-inplcg carry only iL'ic*io- 

hoaatita or ratilo-ilasnoheri-itite without the eorre ̂ po^ding eoli-1 solu 

tion manb^r, 1» 9 t> henoiln^nlt^. G-rnerally she ccx 03*. t Ion c.r nauh int^ 

0^owths is tsore heni-itltlo than if hc-iollK-jnito v?ra present. This t-%-e 

that tho ro-ok forbid at tht? sar:o temperature, Un i,bat the bul?; conpo^l- 

ttoa of the o?dde fr-sct5.cn "WA3 to tho liwiictiwe olda of the uolvus c^u-re 

co thit only a single nolid aolutlon ro^b«^ fownd, t-n:le*i o-i^olv^-I u/.on

there; are no e:>:;^r*n-?ntal data on *ho llnonltc-'.icn- 

'.«-:ili «llow a ^.C->rotLi .l.\'t-:,v--^-tl^n of tr.-J ^r»"*. U 

. ho^vor, fi--ni the ro.taciorishl}--o fo:nj ,lrj tha 

ap.'ir gnsiar it is possible- to apOD^ilita a.i to the 

specif ic nrtt»iT3 of th? solvi^i curve for tho ayptGTu il:;.iy of th:i c-:-i'| .o- 

eitions of tho hoiaoilnonlto ind ll~.ofloho:istite intcrfrrowthj arc :/itii5n 

10-15 J>^r c«*nt of boi:»5 SO: 50 nlxturo:* of th» tv,o rrlner-1 ph'.;.v-* This 

.^ 3<\n3 that the two poli<5 ablution rv.v-bora hovr forced c.t a tw; :r -tiu'e 

only *!i£'htly below the ty^p^ratur-c? of t-ift croat rf ths aolvus «v..';e, 

If the a^a-nfa^Tjt»Mc oxides are of pr^.rv.ry oi-I^ln this J:*or;ns t^ict tha 

orsst of the solvus curva wist b# n^nr to th*? temperature fit T&ich the 

mixed p^ieigs subiinit caira to equilibriu-*, ^.liich is ascur *-^d to be of tho 

order of 500* C 1 50*.
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The textural relationahipg la the solid solution intergrowtha allow 

some epeculfltirn on the shape of the solvua curve* It is postulated that 

the ilaenite-hematite solvua curve has a very flat broad crown. Thus, if 

a solid solution pair form at a temperature Just below the crest of the 

golvug und if the oolvus curve has a brc;K! crown, then the bulk of the 

exE&lution would take place during a vsr/ snail tenperaiure drop in the 

upper toxroerp-ture interval* It is during this interval that tbr thick 

ler,s?s of ilins-nito end hematite would fern. Thus, thoir large proportion 

and si so can to attributed to the fact that tha largest proportion of 

Iliaonii'3 and heratite yae esrolved during this srall tcr:-peratura Inucrvnl 

rind to the fsct that the ion d if ."Vision rats TO 9 greater in ibis uopor 

tfrjnorattsre interval wMoh ena^'3ed a rapid nl0i*atlon of i,^^ into fevy^r 

but larger excolution loclios* In euch on interpratetion the v ry thin 

dir-co of ilmenita «md hon&tito ere the excels notarial i^iioh vtis e:;3clv->d 

from the hoi?t crystal rr.d thick lencss during the finel frta^es of cooling 

.along th3 etoep slopss of t>:S solvua cui%-3. TJiis jjta^o correspondcj t?- a 

Wi1/ large tetij^erature interval with vory minor changes in tha coi^c nit ions 

of tho rolid solutions* tlfci.llid.ng puch an interprotation makes it u^«. 

nocesBary to as urse polyisorphic changes to account for the odd ezr&lu- 

ticii tex-tures (r.-irdolir, 1926; pp» 701-704-, 1950). A propoeod evlvus 

curve for the ili; ;-nito-ho:in.tit-3 aystc?n is presented In a j;-c2*tir;a of ii^-jre 

8.

li!?J5sM^~2UlllS. ^iil ^Irior ifoonitq* Jntcrgrowtho of h^iatits, n 

and ilr^nlte which have Inilk composition nearly on the hcimtitc-rulilc 

Join are very ooBcsoa in th© nagnetite-quartz-F^-feldspar gneics, A3 indl* 

in Table 4 and Figure 8, the intergrowthe include henorutile,



rutilohematite, and il&eno-rutilohematlte In addition to pure

After Hamdohr (1939) it ie poctuluted that a solid solution aeries exiat0

betva^n hematite and rutilo and tlmt these intergrowthc recult from the

exrolution of various solid solutions in this aeries, although in oone

canes alteration effects are sujxjrinpoced upon the primary solid solution

intergrowfchs.

Ilirono-ratilohorc-ltQ occ»a*s in canplos H5 &n& H& of the magnetite- 

qi: arbs~K~f eldspar es<*in3 (T.-iWc -4 find Plata 16). The com,.ociticnsof theta 

InterjrcT/ths CE CDtiiv;.itci frca tho partial cbe-iical analyria aro glsrm 

in Table 4» In this virl:/u/ hcnr.tite for.-g tha host mineral and rutile 

in inosr^To^i ns tbin leiaroc u!iich or* oriented parallel to the tas^l 

plain of tl*o hr-r.-3tlt2. Li a/115tion injtile ocoyrs to thin flat disks 

oriented in the rhor.ibo'K^rsl (^) plt^w of tli3 he?^a''-itd. Ili.^nito oocura 

as thin Isne^a parallel to tho bo32! pl*ino a^vi ^pj-.ears to to alt-;rod in 

various f*^'-roec to a rrlxture of rutile and her^.ita (see Cub^equo.nt 

sc-ction).

r^iitilohorratito is nr-rpholo^ically var/ similar to ilr2r?no-irutilo!^o3- 

etite. r^utile is a^ain *ntor^oui as lenses parallel to the basal plena 

ani GG disks parallel to the rhor&ohedral (?) plane, conati^ea rutile 

as irr£^:lar fT-?,ins a^i ITASS-SS near tl:3 border of the hoct

(;rnin. Ho IL^enite is r-ropont. Cccrriorsilly a c'ark ^r.v (ncn- 

r.incral is intor^ro\n with the ?i-'r^.-:its. Rv.tilohc' atitc is 

prosDnt in sanplee 15^, 153, c.nd 151 {.'able 4.), vhioh aro all fr^ t:io 

nhsn:«3Ji unit.

Ker.ioratilo is a third variety of Intergroyth \4i5ch ecnc5sts of host 

rutile vith inte/^o\jn her^titc (Plate 17). The hcsaatite occurs as snail
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leases and forse no laare than 10 per cent of the Intergrovth. Uisually a 

dark grey aoa~opaque wineral (corundum?) in long lentieular blades is 

intergrown with the rut He. Heiaorirtile is present in samples 153 and 151 

(Table 4-), both of \ftich are from the Sherman unit*

It is postulated that there is limited solid solution between heaatite 

and rutile at the teaperature of foraation of the aagnetite-quarta-X- 

feldspar gneiss* Reiaorutile and rutilohematite arc thus exsolutlon 

intergrowths of two primary solid solution mixtures* Samples 151 and 

153 carry both these intergrowthe and therefore givs the approximate 

limits of solid solution for the temperature of formation of thi« cnelss 

(Figure 8)« Sample 146 differs from the other samplee only in its slight 

corrtent of Ibsenito. Sascple 145 is anoiaalous end nay be an original 

ilseaoheaatite in \Mch the iljaenitc has been partially altered to rutile 

and hematite ao that the bulk composition of the intergrowth does not 

represent the original eolid solution. It is apparent from Figure 8 

th&t although there is almost complete solid solution between 

end ilaenito at the tump^ravuro of formation of the 

Kp-feldspar gneiss there ie only limited solid solution between hematite 

and rutile; ooopere the compoGitions cf the non-nagnetic oxide inter*. 

erovths of 149 to 151, 154, 153, and 146. Thtifl it seeas likely that the 

crest of the postulated soltue curve between heoatltu and rutlle vill

be at a sone^iat higher temperature than the ftolvus of the hetaatite- 

ilaenite syatenu On the besict of the partial ohenical analysed and

petrographic data deucribad above a hypothetical subsolidus tecxperature- 

cooipoflition phase diagram for the iliapnite-heiaatite-nrtile syatcaa ie 

presented in Figure #» The ooatpositione of the supposed primary solid
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for t^m& of the camples listed In Table 4 are plotted in the 

for the postulated teaperature of qrystallization of the nagne- 

t lie-quart s~K-feldepar gneise. In addition th» compositions of the non^- 

ciagnetio oxides from assies H& and 152 (Table 15) are indicated in tha

diagram.

Intor/?roytby of narnetlte with o?v»r?nei Iroj and

Frequently rui^ne-tite ie Intergrovn with th© non-sia^nctic ircn snd 

titanium oxldos in th© na^notite-quartz-K-feldspAr gneiss. Ths bulk

s of such intcrgro^hs 1;£V3 boon eotirated frcn the partial

oas and j>otrogr£phio observations and at-3 Inc^cst^d in 

7ciblo 4 ^7 tho usml subscripts, f&gnstita is intDrt7ro\« idth hcroil- 

£r;?nite rnd ilr.3iiOhcr.at3 to (Flutes 13 i:«vl 15) tut if? p.irticrilrrly aV-indan 

in tho h^rntite-nitile intc»r£rovtha (rlites 13 and 19 ) 

In guoh intergv»oi/chs cafrnstitg occrirr as thick (up to 1/10 the 

vtdth -f ihc* ^r--»in) table to (blades or laths -:n polislie-d ^arfac-3 croes 

F^oiicn) vfMch ai%3 oriented >-?rellol to the bar-.il plara r>f tLa hc.^t n^ri 

usually ustend coriplotely n cross tho host ^i*ain. Tlius the na^cstita 

tablets ars more continuctia than the lenses of i2jncnite f horntito, etc. 

If the nat?>otit3 tablets tersln^to within the hont j;rain they lcn<:3 out 

abriiptly. fhs Jntsrrrown ra-netlto is always olijiitly r^-rtlt'tc (5-10 

par cent)* c'be ^artito occurs ac filr^ &nd npibss parallel to the ccli- 

htvdrsl pl'i-i-- of the r-.^-nHit-s. *^£:rj& l,ito tablets in he:-oilr.cy:itf. 0 late 

15} .-Hid ilnoiioheaitito (il&t@ 13) CQVC.T i-ake coritrcjt with tho her*?.t/to 

iTicrbsr of the interfrowJh. Instend there ie always a thin layor or 

selvage of ilsenite cojiarctinc the magnetite tablet fron the rast of the 

inter^rowth. Ho;«vrf this is not tha osso In intergrowths of tiaprietits



Rutile v-

-7 500i50°C

Ilmenite

Hematite

Fig.8 Tentative subsolidus temperature- composition phase diagram 
for a portion of the hematite- ilmenite - rutile system based on data

from Table 4
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vdth rutilohenatiU (Plate 1*5), henorutlle or rut lie (Plate 19) (samples 

15/+, 153 and 15l f Table 4)» In these types the jcagnetite tablets maJce 

contact directly -with heaatlte and rutile, The inter^rowtha of magnetite 

and rutile are particularly etrikiri£ end occur in the r^f^et Its-quart 35- 

5-foldBpQ.r gneiss cf the Sherran unit.

Characteristically the por cent of Irrbcr^roun magnetite varies ovor 

vida linJts fr<~n E -;£.e to esiv pie and fron fi-aln to £iv.ir. i-dtMn tli*? 

g-vne c^rr^-8 * Thur 2a the r/iis^>n cr^a, tro anount of r.i^r.^tite intcr- 

.-^vsi uith tho il'-.-:-:ito-hoi."^*.ito sorlos verier fron 0 to 10 pnr c:nt. 

".rcn In a iringle rj-.ple f ctt-h t,c j/9^ tho r^i^n^tlte content varlcc; fron

0 to ID >er cent :>;c r^rain to r:-ain of i 

Ite irAsrc^ vlth

end hc:^ilr.~rrlto.

nitlla r^rl-3 end

fart'c-'Inrly rut^l? Is riuch fins-ate i- than that 5 r.tor^orn \dA h the lljv: 

l:i:T.f.It3 ry^les. Hrvjv^r, ths r^r cent cf Intoi^rovlh :.3 just ao v;jri 

c-'.le f»:-*si vi;v*ec f ."? :: -0--50 per c^nt fron ca~r>le to cardie ,-is v.rH *i3 frv 

;i*:;iu to ;-r::ln vlt: ''n a single r^'ipl-e,

There a:*e e--vr.'tl ^fj-ihlo i:«t-*-rprctaticpG for th^cc ii^rr^r-vLlts 

i*?.r»nctite with nrn  -^^etlo li-on r/r* titr^iui crf^e?;. It 9cers iu>l.l>i- 

thit the >e iaitor^Tcvlhs could rsr-.'lt fi-ori the cinple cxroluticn of a 

solid solution b-3'-'r«jn nafcTsetlto-hr.'-at-.ito-lSri^nito and rutile. Foc;-rri 

sciital duts .^ro a* 'T^^lc (Dir'-sn and GVXIT^ 194.6) u\Ieh chow th- 1 Irt 

is no cclid rolut'::i of r.-vx3ti*>o in hc.^tit^* In cd'itic/a rar:!;/ rrc: 

 IV^-nltg '...".th e*-c-lution inv,cr^ro\'ths "f ra^otite bo n r--porced (rcr,* 

r,-J Geffrey,, 1952). It iu also difficult to oxr-lain en tho fc.isis of a 

solid rolution the:ry v^iy ths anount of r^ajnetito varicr. so rcdiou 

fron gr.cin to grali: vithin a single er^ple*

of



Another possible interpretation io that primary magnetite was 

replaced by hanatite, ilnenite and rut lie. However, It seons unlikely 

that such regular intergrovths could develop by this process*

A third Interpretation is rs&lly a modification of a solid solution 

theory and night bo torned incoagruent exsolution booauso of its similar 

ity to inoon^ruent tilting. Inoon^-rueut absolution tcibac plac=? \htn one 

or both of the solid solution end ^eniboi's ex*-olva &s different c^npoi:ride 

either "by inutual reaction bet '-sen tho two end nenbers or b^ tha ccl-i."l 

t/r^afc up of a sic^l^ end ^.ccibc-r into t\» c"*EJpountis* "In tl:ls c^oa it is 

oonooivnbld that a rnlid solution betijo-a be':at5.te and iLr.-in.ito uicoi 

cooling could ax;>^.lvo as a mixture of h'3:^tite f lLr^nlte # r..til^ cr;d 

n^gn*titd eir.ply by tho reaction of heratits ar.i iL^ai^e -is is-UC'iicd 

below to jdeld ^-i^etite and

If th^ pro»>');j3 ifarjt to coq^letlen. tho criminal rc>lid rolut j.o;i of ?v^i- it-it 

and ilPKaAtc could b-. ch-r^-ca to a nearly ;:ur-> ruxUira ox1 r^^ot-I'ts a/ii 

rutilo (dspoading upon t,he original co:j;x>3itioa of ths colid colut-xon), 

If such a process took place the arwant of ra^etito aiid mtile la erach 

intcrgro?/th ehould be aboirt idimtical. rhis is not ' alvsys the eac-a ia 

the atopies studied. Hovttvsr, it Is jx>L*-iblr thnt ^.urlng such an Inocn- 

evolution pr"3^"as thero v?-.»uld bo co:rjfd-*j.MM.3 r^d.l^'.^il>atlon cf 

?o that t!iS priii-iry cor. oeltion -^f tho ^Taino v.\n;ld t^o c'.uui_',:ci, 

For 0t:ch a procssa V-o tnko plr.ce it co^i'S noc^jo^ary to poctiali.';^ cu -^olal 

phyoio?! conditions linger vhich na;Tiotitc and rtitlla are nore ot »Me f .5'ia 

besk^tito a?jd ilj.irnit^. In this coniicction it is iiitor&etJng that J. 

(1939) recorded thst solid solutions of hcnatite-UUaenite wsre replaced



by a mixture of m&gnetito and rutile,

The &ost probable cagDlanation for the intergrowthn of nan~&agnatie 

iron bnd titanium oxide a and mgnetite is thr.t of simultaneous 

li^ati&a of mgnotita vith tha respective solid solution of the

nagrioilc iron eni titanium caides. During coolly tho solid solution of 

he* «itito-ilr, ̂ iiite or hoisatito-rutilo -yould exDol'/e* It is postulated 

that the lignite rlr, or calva^ r,rour»d tbo r^j-/mtit® tabl&ts dov^lo.T>od 

d..rii^ tha c;-:s.)lutioa ^1^0-33.1 <ni roprar^nts a i^ycioQl ar-'aiif^^:^t of 

1 1 * Til: Af a cncrQr*

r -*- '. fi v --,-, *- nT--,-5- -.-3 -*V~* *-VA »,^^»».^4._. ,*4 n1, * ,, _^*.^^^ V,A >r?J.U*« f-Vrt^v -i-3 pOJ vlLLJI j., » u- C*5 vtiQ ; i^.A i<lI*O liltlCJ _3 piQ23,'l«» w- u»»  Ji v>j«3

iijtjnotlto tnbl.jla --ovalopod at t\3 t?aaa tlna rjnd md^r tho S.T-ED cord It ions 

,ij did t'--3 r.i^iita in tho fi*oa ra^netito gr-.lns.

".:?.! .1-^ (19>?) racord3d tho praooaci of intcr^oi/ths of ru/petl4:-} 

vl.'1 - 1! ilr.ouo??e.i^tita ani hirjioilnenlt-a. Ha did n^t r^o^rd thj prc^n^ 

oi* r.bj-'^cJ of tja iln-iTiite solv.-^a abound ths najiiotite tablet 3, As 

ij:;or-l>..d u-.-ov», the ria^iatite tablets \iiich ^3 observed ^:1ra orlont^d 

parallel to the b-i^al pLna of ths host ilnar.ito-har&lita int^rjrcvth, 

Ilcuido!ir pootulatod th.:t guch intar^r-ovth-s v:r3 cauj-3d by th* rjajoti^a 

of ho'^itita lu*a-3s to .-m^natita* Ho p-roposoi a chan^o to nrr 

cjrnditi'-jis ta rro'j7;c3 tf^ch a rcric^ion, V;t he did not attonpt to mi-int 

tiitlvoly t:valiivito hoy such a ehcngo in tho p?iyri?3l ?cnHtio.ic co^ili 

tal:j placa or w"iat tha important pbycical fact ore iv^rs. Jiis tb^c;^- Is 

certainly vorthy of Kora ypocific ovalvatioa -r̂ d '.rill be diseuscv j. ia 

a suction en ths f-h/eical chsnistrj of the ircn and titaniun oxide- s.

Both the tablets of iliaeaite in nagnetite and the ilrenite



henatite are In eccoe places partially or completely altered to t 

fine gruiwid Eg^regsta of several itdnerals. Urually the alteration

In snail patches (Plato 15) vith r»o obidlous structural control, 

but oocj.Elonilly an er.tir? ilnsnite bo:g' is altered*

The alteration eo-oists of a corf, of Pn3tlled ag^rftgato" ifcioh Is 

of 2 to 3 dicr-rata rd^rnl-. ?hc ^-ver all color of tho

l:ri£;: ; o&r tciin u!:o host ila^ts -j.nl /.^.n r. strong: ir«t^ni-^l rof3.eotl?n vith 

c. yellow to l/rowniuh-voS c-,'lor ur^.or ci*oij;'^d nieoln* Ua^r  J^re."33 high 

j,c-"V-r c.ni! v-^th th-3 i ~-o of frjvsrplon o5! lo-'ocn 5t war po^r.lble to rocc-g  

?.^e Vx>t!i n;til« anl h^.^^.t-3 in rll tho ^r^^j-ntoa* In addition rclio 

;;/",lnx of ilK'^nit^ *^^s 3o;*-.*tli«js ^re.sr.it^

^. ^ f tha pltor?.l5.on of 13:T.'^.lt-f? appsr,t*s to t>3 a sl\rla cxf^a^ion 

^f IL^nit^ to rut He r^ic! hcc^tita. T>Jc;h aa alteration cculd t^Ua r>l»oe

o o

Visual o^tl^tor r'f t^-3 "nettled -.^r^^t^j 51 '.tfit-.its th-.t rutils 5s ocn- 

si durably ror'- aburd'r-t h^rji bena 5,to. fp!als of cource ?V.c-uld be th3 o.i{^ 

^.f the alterat.lc-n procus to?k pl^ica «s ist*.ar-t<?d atovs^ ae 2 col3s of 

rat-ile r^T3 produrj-i par 1 riol-3 o.f h;nalit-*. Thus the petrof»r«pbic ostiiiaton 

^ib-^-intic.to tho c.vc;:o^:--i tV-CMT" of n.U^rr.tic.r. fc

In -thfi n-afjiutit^-^tn^r^^-fel^p?!1 ^T^is^ n=i.rtito is ubiq^ito^iij.

tion cf r^^netito raid tho Altorc.tiin of iL^rnita to rutilo and h^i^t

both soocndo'y oxidation pimoc-«3sce£ f it 4v^r^ likely thnt they t.^3 

'.co under slifhtJy different conditions. It appears as though xrartite
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devolop* Bore readily than the "mottled aggregate"* It may be that the 

reactions require slightly different p(02). (See section on physical 

ohaoiatry of iron end titanium oxides*)

Randohr (1939) has recorded the alteration of ilisenite to rutila plus 

humtite and to anatase plus homntite* He believes rush filter&tien to 

bo of hydrothamal origin. His observations r.nd interpretations f^-rc-e 

in principle vlth thoce presented bore,

Sufficient detiilcd studieo of the iron and titoniiza oxi'Jss uf tho 

rich cubunit, tho biotite-qu?.rt 3-fe-Idcp.tr Gneiss tir;r3 tl'ta (jinrb.::-!!- 

bava bs;n dons to ennblo csiaa ganoral cr;:o^risons vath 

arts-K  feldspar £neiss»-

iron and titrjiim oxlclo ninoral anjcnblags in U.e lir.3 rich 

is v^ry sinil^.r to tho R^n^iTslyf^ in ths r^s.-'iotJte-q'jr'rts-r-

f^ricips. Ths svi^stito carries ,^*;-out the na.:o .'-'-t;iit of iut^r- 

^c-aita and is elwrgrs nl-f:htly rartitio. Primary il:&^cho? .tti'.te 

or rutilo?i0: :-iatite is alvtiys present. Those ir.tergrowthg are nok-phoiog- 

ically quite similar to those decoribsd frca tho fflagnetits-quart&-.*>« 

feldspar (^Roi&o and are also interpreted as exsol*/3d rolid solution::* 

Ilnanite r-ay be partly altered to r»itilo and har-^tits. '?he pi-3/cr^icn 

of prirauy hetiatite relative to roac^c-tite is sor.^^;at f;ra^ter $& tha ll-w* 

rich j^eiccos than in the r2^^tite-quart&«K-feldspor gitftiss. -n p.dJJL- 

tion no henoilnenite vas ob*?'3rved, v^iiob indicated that tho bulk cor-, \oai- 

ticn of tho non-ma -net ic fraction was noar the henatite end of the 

hecatite-ilzienite join. These faots indicate a high oxidation de 

for tho lijns rich subunit,
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Tha biotite-quarta-feldepar gneiss carries accessory ilimmomagnetite 

and ilnonite and rarely heaoilxnenite (H~Io-). Primary heiaatite as well 

as cartite are absent* Ilmenite 10 partially altered to rutile and 

bensttite. This assemblage is distinct from that in the saagnetit&-qu±rt2- 

K-feldspar gneiss t&ere the iron raid titaniica oxides consist of a variety 

of intergrowths.

The qiiartz-K-feldspar gneiss carries llrjeacsagnctite as a trijor acscr- 

frory mid only minor ilnanite. Ho prinary hcrnatite or i^itila aro prcsant 

and only rarely ic a vary minor eir.ount (lor>3 than 1 to 2 per cent of the 

host raagnsiito) of r-artito prosont. Ilrerilte la usually pariirJLly altered 

to ratilo snd hsi^tite* In Table 15 is listed tho partial cr.ilysio of 

tho r-a^etic and non-Rn^netic fractions frora a oar-pie (Ic^o) of tho qv.arts-

X-feldej'ar c^eiss. Tho non-^agnotie analyeis ea e;qx-ct.*4 c-.^roa^^-^s to
i 

ilconite with about 7,5 nole per csnt of hc:iatite in DaJJ.4 colut5o?2. 11i3

cor,.->osltion of thie phao-3 ic plotted in Figure 8. Th-3 riatn^tite -'jn-1?.ly 

sis ixjcalc'-iLites as rva^notite \/lth 8»2 role p-or cc^t ilm-^nlte (2.£0 I't. 

per cent TiO^) Q^d about 14.0 role par cent excess FeO. Intrrjrom 

pnrallol to the cubs plane in the nagnatite are very r.inuto dicks or 

lenses of a dark gray non-opaque nine-rail. This is probably ex2olvc>d Fe 

rich spiral f euch as hercynits, and v^uld account for tho exc--^a Fc-0 in 

the analysis. Tho high TiO^ content (2.^0 vt. per cent) of the jsu^^tit* 

is in contrast to the low TiC2 (O.H-1.3? vt. por cent) cent put of ria^- 

natito from the n^^n^titc-qtiartz-K-foldspir gneiss. According to the 

data of Pudiington (1953) this difference suggests that the quorts-K- 

feldepar gnoiss crystallised st a slightly higher temperature t^an tho

, and in addition the quart 2-K-fc Id spar
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gneiss formed at about the eaoe temperature as miorocline rich "grardtized" 

rookfl of the Adirondacks which are believed to have forncd at 

lover than



CHAPTER 7

GEOCHL?flSTRX OF TH£ MIXCD GNEISS SUBUNIT

PARTIAL CHEMICAL AK4r^rgS g£ 2HE

Sufficient dat.-x ar® available to recalculate the 

cher<icrd composition of a ample of acgnetlto-qfUfirts-K-f^ldspar {pie' 53 

(145) and a sanpla from a Ea^netite rich layer (344) both froa tbo Con- 

don Cut in the Edison aras. During the separation of tho quarts-feld 

spar concentrate fron both thepo s^nples (sea K-foldcp^r eso*i<.n) a 

partial code (v^l^it r^jr cent} was dotarralned, (a represent at ivs portion 

fron a 2 Icilo^i^ja crj^ple ground to -30 tiaeh was usod for each rjtv3sl 

ariolysis). Using this vKji;;ht mode, the psrtial cnalypia of the qusi-'ic- 

feldspcr ponoantrate (Table 10) and the partial analyc^a of ths ii^n and 

titanium oxide fr-.',ctio:is (Twblc -4A), it ins possible to rscnlcH.tate a 

partial oh&^lccl okilyais for the tvo cai^plos. In Table 16 tli6 ^:-i^it 

Kode f the partial d^enical analysis and tho volioetr.ic nr<lo (taVon froa 

Table 4B) for the two apples are presented.

A cosp.iricon cf the volursytrlo zmd wjight r»od£5s of aa^iplo 145 

indicates considerable differonoos. In particular tho proportion of 

the quarts a^d fcldor-'^ is rjullcally dlffersnt and the quart B/fela^c^r 

ratios differ by nearly a factor of one-half. Th3 discrepancy is ir 

due to Insufficient or poor sarapllng for tho petrogrsphic thin sect 

analysis. Thus the wsi^ht node is con^idsred noro roliablo. The volu- 

isetrlc and weight modes for s^Eple LV4 cojspare wary well vhen allouonsd 

is ernde for density differances of the ainoralsj nota the quart E/feldspar
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Tnblo 16* Voluaetrio sxxtoo, weight nodes and partial chemical 
analyses of n£/^etit»-quarte~K-»f*ldBpar gneiss and 
a nagnotite rich layer tabulated with the chenical 
conmooition of a sill l-nanit^-quart»-«icrcx;l ine 
granitic ,mciea fnxa the Adirondack* 

Voltnotrijj ?bd<j V! ojli*ht

145 U4.

qtz.
K-fd.
pi.
bi.
sar.
SET. £
sin.
cp.
3T.
c - ,
ik
in
i-^i*
r.

itidT

/5 .1
45.0

2
2

c;~ .
.?

2

0

 » A

0
rO

.3
0
.6
x
2S
2C

.5

.5

*a

33.8
25.6

0
1.1

X
S*5

X
?.l

X

27.0
X

X

1.3

qts.
fold.
rat.
hera.
113.

rut.
rcsrt

1

54
34

3
1
0
0
7

1

IMS 
45 144

.3 21.6

.1 13.3

.0 47.9

.3

.1

.1

.1 11.7

.6 1*1

Chemical Cfersr^r^tfeffi 
145 144 &-13

SiO^ 76
AlgOn 6
Fs^Oj 3
FeO 1
M{|0 n.
CsO 0
.tui^O 0
K20 5
Baa 0
H20 -*> n.
II^O «  ?!«

TiOp 0
I'2^5 ^5.
i'tTi*) R«

* ^*

Total 100

.4 32.9

.3

.a

.00
d.

.04

.a

.15

.05
d.
d.

.10
d.
d.

03*

.00

3.
34.

63
6

13.0
n.
0.
0*
2.
0.

n.
n.
0.

n.
n.

.JSii
103.

d»
04
IB
46
92
<f.
d.
3
d.
d.
2?
00

71.44
14.S9
2.40
1.33
0.30
0.50
1.36
5.99

n. d.
0.52
0.03
0.65
0.22
0,03

99.76

, Cin"...n Cut, n Area, iVanl*lin
7:irn.ico (iWirb^nnlQj T^>v Jersey. 

144 - J>u;nctlte rich la-?er, adjacent to 145.

B-13 - r.lHin.ojtite-qunrto-i.'rlcroclino .granitic gnoios, Skato 
Ccve=.itcMo Quadrangle, J-3c?w YorV. Analyst, Lee C. FocV 
fron A. F. Daauin^t^r, 1951)

Mostly ^ ^5?2, a.ad K-0 fr-o-? and slll.Iu-in.ite and

^Consists mostly of ^i }̂2> -^2'"3* 
sericlto and c-;i-*oto»

ar>!itito,
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ratios are v&ry similar.

The striking chenical features of sanple 14,5 CJP© the very high SiCL 

content, the high ratio of Fe^O^ to ?©0f and tho very high ratio of K^O 

to f^O. Tha average SiCX^ contsnt of granites as listed by Baly (1933) 

is 70.18$. Hone of the granites listed by Doly e?reead 71»06;S SlO^. Tha 

KgO to KooO and Fe^O^ to FeO ration in granites from Oaly f s 11 jt do not 

approach the high vslxu.3 prec^t in s.^r.pla 145* Ac-oordin* to the 

coupilatic^o of !«oo!:olda (1954) blotita all^ali f.rnnite %lth an avora^e 

of 75.01^ Si02 has ths ir^dn-jri rrv.L'a^ SiO^ content of all granites* 

Hail'3 of th2 avertga c.xTi;>ocitioi;.3 cf enlo-al':?!! or alkali gr^dtos^ ns 

listed ty Koo?:olds f his as hi^h a CiO, content or T^O to Ila^O rnd ^2°3 

to FeO r-tica S3 do^s eoJ^la H5. G3ec-;*ly tha ^^i^titc-qu-rt^IWf'rM- 

^par giioisa (c.L.Kple 145) ^-^ r»^t b-*lon£ to ths no^7;al rr.:n:Lto elc-^. 

Altho^i ti;e SiC^ ccv-ito^t of iSc.:i;-'lo M5 v?.ll e^c-^-ods "that of olMlar 

gnsii^as of tiis /dli-^r-l^Oic.aj t!',2 ov:r r.ll <fo:;^crltl': vi of tha c.-.^la 

corrcs^.-v'.r; clo-'-ly to a oilllr  .- i lt-:'-c'j.arts-ciir;rf--al3r«o ^r.::i*te ^-j'i-s 

of the Adiron^ac:-cs (l.^-sl an,l r^^l, 1953, f^-c 1-13 in TaKle 16) vhich 

10 intcrprstod as a 03tiso.Tiatii-;od i::^t?.33"i!r^nt»

Natiir-'lly the striking feature of the partial choraical nn?lyisia 

cf the jajgiietito rich l-ayar, £;inpla IV^ is the hi«jh content of F^^CU 

aid ;'eO. Tha ratios of there ora of courss v?ry n.^.ir to *he ratio la 

r^L;;ff?t-it3 a It is i?i*.--/i3tijis to .v-ta t!*at the quartz to feldaj/ar ratio 

is not too cliffar^rvi 5 i th-3 tiK> fiii-ples* It can bo couelvdad thai the 

quarts and foldapar tlGCi*eciF.3 toother as iaa^p"stito increases. The ratio 

of K^O to Na^O is also about the &ara as in sample 145* nowver, BuC 

vSiioli lo carried by IT-feldspar! Is enriched ia sample 1/^4. A'hia incrcaoe
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ia BaO in magnetite rieh rocka correspond* ve-y veil with the observation 

at the Bonaon Mines made by Leonard (1951) » where it vaa noted that the 

BaO content in K-feldspar separated from magnetite rich rocks vac acne- 

t£iat greater than in K-feldopar from wall rock gnoioa very ainilar to 

those of the riixed gnelcs

OF KA^AgK-f^ TJTANIUM, gHOnPIIORUS AND £UJgj3S 1U lit-

Aa iwicviod in the B0<?t3on on g -rest it is clear that tho r^nr-.c.-".' ns 

content of the nlxod rr.eios subunit is hijh^r than the rar.^a?ics.? content 

of the quart s-H-f el dapar gnoiea. It e^e-3 s^r. enable to e-r.clu&s tl^nt 

this high r.?.n^«'*,nt!>Be content is related to the high iron o- vat-cat. In 

othor words ths nong^Kcsss followed the ii\>n during tho gi^csis of t>.3 

:rc\gn3xitr-4U r;i"fc3«:I-fcld3p2r gr-aiss ar.d n.i^nc-bito rich I f'-srs* In .its 

hi^h r-^Lttgan^s content tho r^ixs^ ^nolss £jv-!?JL*it in hormlojous to s^^l^f 

gneisses at U<d Bonaon !-irr?3 In the Adiron-iacks

The "i^2 content of the Ragiiatite-qnarts-B-feldspar i^ 

asroclated ragiistlte rich layars is very low. Ao can bg Judge i frcn 

Table 4A the TiO never er-rse-i-ds 1.40 ^^:»Z-n-t par cent end is tonally lees 

than 0.5 waight par cent. For the ror/ples 3 a Table 4 t>is nol^ ra^io of 

Qafnetite to ilnenite + rut lie vpjpiea froa /r2.7 to 3.1* J!a(pwtito is 

relatively enriched over Ti02 in tho staples from the rheraan unit 

153, and 151). The data suggest that the TiO content increases in
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about the narao proportion with the iron content ae though the titaniun 

and iron "ran together." Additional data are needed to eubzrtantiate this 

conclusion.

Considerable data aro available on the phos~jhorus content of the

r-i£net5te rich layers and magnstite-quarts-K-feldspar giislss of the 

area* -Tho datrx steia entirely from drill cor© assays which w»re r.nde by 

th3 Pittsburgh Coke and Iron Company in 1943 (Chapter 8). All tha core 

var> acnajrad in short l^ngtKfl ($ feet or less) for iron, wid sor:3 of the 

c^rs \-?vfl asr.i^o.l for pho5pboi*u£5» T^JO phocphonaa content of indi^*i<ta?JL 

.".".F^ved s:»f%ilor. varies fr«rjra 1.A5 to 0.032 v^ight per oont. The Gveraga 

^oppho/us o^titent is b;rt\;c-on 0,1 and 0*8 uaight par cent, ?hosp!:orr.3 

*.s cnivlod by apatite | thug, for oav^ral of tha assayed drill ooiva tbo 

; -h^-^crxia o^-it^nt for tha individual as^-cyed s-^splea ?.-as bo^n r-jeijjii- 

1" Vji In tcr-i'iO of nolcs of apitita r>or 10^ liters of o:^.   !«,. For th« 

sa'.3 sruT.ples the total iron content hos t3-?.n r'joal ciliated as ^oles of 

ir.5.«ji:ot*to r>3r liter of sample* In Figure 9a the GO tvo values for eaeJi 

Aamay-jd earnla have be- on plotted. Although t^r^ra is a ulds distribution 

of points the graph indicates ur.aqvsivoofilly that apatite inoro&ans with 

5.-:0£; jatita. Tho distribution ^f points detornims a ^ono v^iich Ms e 45* 

clop3 and originates tr-ar the origin. In Pijjura 9b tha ratios of snles 

of r*Qf7iotite to r.ol^s apatite in each asssyod sanple is plottoi in a 

hiBtogran, The plot ehovs a very strong coacanbration of sa»nples in the 

10-50 portion of tho diagram. The rsDdtii valua of the ratio is nscur 35 

miggests that the r^gmotit^ to apatite ratio for tha entire bulk of tho 

mixed gneiss eubunlt nay be near this valtt».



The cost general interpretation of these data la ainzply that iron 

and phosphorus "ran together" in a iwre or lees constant ratio* There 

are seireral geochemical principles vfoich might be Invoked to explain thia

relationship. Kov^ver, the ncnt einpla &::plan&tion ie that the iron and 

phosphorus vkire both carried by an ore fluid in which the iron and phos 

phorus content van fixed co that whon the fluid preciplt j/ "df the ratio 

of iron ;ir,i phr aphonia wac nsirjtci^sd* In other word a th& ral 

bfc*wo-.n n&rpatite and ap&tiuj ii simply a reflect ion of a parent or 

fluid.

»l;cj dirti'll-'-jticn of ;,;:j..rur hia b;-»n diccr.^srsd proviously vith 

rof^^«r,o«:: to tv "; c?TJLfi^3 rich r.jno. "»jv^r^l of the drill 001*03 wrro 

as^uy^d for fvalf ur as well as Iron tvil pho ;>hC'j:i3. Es«h us; o^cni or'-.ple 

vnc -a 5 f^t or c;;'.-illc-r l^ai;t!- of evi-<?« ilio £ul-?ur contort of th;^9 

r:;i;.ler:, -^iloh !a n.-vor -.ore v^.n 0*5 j^-ir LX-I^W :vjd gcn?r-illy .loss uh?in 0»! 

i>or c^^ni (except iii tho vjaliMJo eor2} > r^.j oc^prired to th^ir iroa 

;>hoDry-v;;;»an content. Thsr* .'sp -;sra "to U» s*o ^7&tornntie roLitio 

tc-tvccn t- o erulfur content of the aCfJay^a c.^plos ard their iron ar.d 

phofnhorus contentSt llrasj 'i: ..oa it ir? c/*ito evident that t>i3 iron and 

phor.phoni's contents era in OD*"2 t--iy dcpar^cr.t u;>os r»ne anoth^i' (eaa r-^cr- 

phorur* fi'?clion) it ic env.allj' olr-rtr tb-it. tho ir?lfur content is iruir. ,.;-^,t 

of iron and phoophorao contents.

Thus it nay H- cor^ludcd bhit r?jlfur has pctc.d independontly or iron 

end phocjihorua during tho £uix>iifi of tho r^is:-,3d fen^iss cubiuiit* As \&$ 

eug^ested previously it ic believed t!?at U-.e relationship heitwe-sn iron 

and phospJiorun is a reflection of ths cccsposition of s priraary cvoi fluid.



Although the acurce of the sulfur vas probably the parent ors fluid, the 

ratio of sulfur to iron and phosphorus in tho ore fluid vs.s n't imintainsd 

in the crystallised product simply because sulfur acted indapanciontly of 

the othsr constituents. TeTtural evidencs cited in a pravicma emotion 

(Chapter 3) indicated that the sulfida minerals crystallized lator tbrJi 

iron and titanium oxides. Thus it is postulated that t!io invf^ilor 

distribution of sulfur relative to Iron and phosphorus in a ranv.lt of 

cryct^llisrttion of rulfida rsin-srals at Q late sta^a. This late Rfimtionw 

enabled tha jiulfur to B^ova urouni" co that any primary relationship 

vhich ex5.stcd batis&n mil fur ani iron and phosphorus vould bs cbl it 

erated*

H SH

Th2 as-'ocl^ted resn'-Uits rich layers a^r uhn ncct '^ort^nt ao;^;^i of 

the nixed gneiss subiinit, T>*o 5ron is ^liGfl:' in r,a(;-i^t^ta r.Hhoudi Q 

eonpicterabla amount of it i?« in hen^tite end &o:-^* in ilr-^nits. Aa der- 

oribad in a previous section tho entire ml-^ad pnaisa p-ibunlt is enric-^-d 

5n Iron relative to adjacent v-ill rookr,. rrha co.^t^cts vith tho w?.il rr>a*3 

?».re abrupt chenicp.l disccrjiiis-Autlos. Frrticwlur cones within the ral> :-d 

gnal0s oubvsnlt are extsver;sly rich In iron and fora high fji*'^ta EMit̂ net1te 

veins. It is the nurpoaa of this sccti-'-n to ovTilur.tc quint itativaly the 

distribution of iron throrghout tha nix^d gneiss eubunit particularly 

with reference to the two principal iron oxicI0s f magnetite and hen.it ite*



The trtel Iron content of assayed samples from the drill core varies 

from 6,70 to 61.20 weight per cent. The .awrage assayed sample carries 

20-30 w*ight per ceat Fe» The overall average total Iron content of the 

znlawd £n«iss subtaiit ie considerably less and is near 10 ueight per cant.

The distribution of iron in the mtzad gneiss eubuait is highly 

irrerular, A detailed study of the essayed drill core data in-iicntsa that 

particular 2on®s (voins ?) of tho gnalss from 5 to 1$ feet thick ara gre.itly 

snrichsd 5-n ix*oa and ciay carry up to 5 tir^s n-'re iron than sdjncant zones* 

':ny theory pertQining to the origin of the mixed gnsigs BuUmit ^ust 

for this irregular dictrib-tion rtf iron*

this motion tba r!lstril«ition of iAir:n«L5.t3 a^:d 

Imratite 5n tha rock Jcycrs of tho wi?5?d c^yjlrrs fy.ibiinit is der-cribad!. 

?J^ d?ita oonou^iinr tho ^irtr.-bntir.n of thcc^ two Iron ojrJdoj! Rt<?r,o frora 

t*.» source- 3, (1) n.-**iv3£.i\'»ph!o data f *.arg-?ly of a 3L-mi-qu^bitfttiV3 n^tui-s 

an-1 (2) drill core essay <!ata* '^*s di.ioussion pertains only to priory 

henatite and not to nartite*

. Tha general fotrograjjhic explication of polished

carfaoos suggests th ;t herntite la ^.ora abundant in rocks v^if.ch or-a not 

particularly rich in magnetite. Thus s&rples of aiagnatite^qr^rts-K- 

feldspar gneiss in uhich macnobite is less than 10 volirss par ooi:t ap^3 

to C2Lrry a larger proportion of h$natito than do adjacent reck layor-s 

I'hich ere enriched In Ccasnatite, Accurate r-nd abundant m . dal inolysos 

needed to ostnblish these relationships quantitativsly. ^5uch data arc 

lacking; however, an e^anlnation of the ssodrd analyses of tha c-artples in



Table J+L ir.cUct-.ts ir, e general vsy thnt these qualitative observations 

cro true. Clearly c^r.] iec L^>> H5, H9, 154-, and 153 which are r«x>r 

in magnetite all C£.rry sacra hematite than do flajnpleo 143* 144» 151 vfcich

ere rich iri t:«»£nc.'tile«

Thare ar^ ccoe votrcr^phile rlata uhSch indicate that rooks from 

the* cixod £.;n,-'rr subunit^ -un'ch li^ire eti-on^ KatacodiEor.tary affinities 

(hi£^, silT-it-M^lte, ^r:rr.ct > ^5; tfte c^J qw^rts contents) nre e-nricKed in 

Lcuitite r^l^liv- to r,j^:l.i^o. «:-jnr.io P-151T (Table 6) Uiich is a 

^arnetifarcur-Viotitc-c'Illi^nnitc-qri^j-ts ^naips f i0 particularly inter- 

eating in this rf-ep-^ftt* The ~: riral cn^lycia of this ro'Jc is bioia bcth 

IVo-'S thin acction rjialysis end fi^-n a cjjKUvticn of the raagn<»fclc and ncn-

--, rrnatio ojddoc frc^ <-\ re^roe-^ntativa ecjiple of the rock* It carrier, 6 

vol^iD3 p^r cent ixx>n &nd titinivun f^xirlos of vulch 4#2 pf: r cerrt Is n?^viet5t

- nd 1.8 p*? cant b^^atlts (both with a suliordinate arrnrnt ef 5-ntGr^-ovsx 

ril^oi^lo). Tfio ratio cf ;-.petite to ?wi^tlt3 is 2.4 to 1, \iiloh --3 t/111 

by pointe-i out .Tator !c low relative to Many of the othor e.inplcs, 5.. ^, f 

tha casple ia enricnod in ho^ntito relative to r^^netite.

5^Oi £2£ht d,H^S» ^ is no^ noe^s^iry to rely entirely en the s^i- 

quantitativo petro^raphio data to establish the fact th^t hematite de- 

C2*ep.B-33 in sni.ples v5i3ch «ra enriched in n-i^jnetite, SovBral of the drill 

coros i^re f.3."X';? '3 bot] 4 for :r^i;?.5tic iron and soluble iron. In the for.nor 

c G9 th® r^TjHio frncti' n v. 5 3 ccparatsd froai the core eanple and analyiod 

for iron. Thus iragriG'tic Irca is fror.; wo£»natite U?t does includa totor- 

ijrova lli^enite and mrtlto. Tha soluble iron is not only froa r^gxactlte 

but also fron prinary voxideo such as ilrienito and harvitite end ia thus

iron from oxide c in the Bd^ple, It is believed th«it vary little
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of the soluble Iron would oorao from dissolved iron silicates in a crouch AS 

ouch minerals are subordinate to the iron and titaniun oxides and are less 

readily decomposed. Hematite is always more abundant than ilr.cn ite in 

all samples examined potrographieally, Thus, the algebraic difference 

betwsen soluble iron (total iron) and magnetic iron will be approximately 

equal to the iron from the henatite in the soirple. Thus, for nil tha core 

candles wbSch havs been anejLyed for both soluble and nnpntic iron it has 

boon possible to re? calculate tho asG'qrc into &ol3s of «..ri^ictito (r - juc-tio 

Iron) snd toloa honatito (soluble iron nir^s n-.f^tie ir-n) per umt 

volmo of the cnr.pl®. Is this \v7gr it has Vo-jn poy:.iblo to r»tu:^ on a 

I«r(j3 scale and qrantitativoly tho distribution ai*d r^ln^icnrhipa L-?t-»»3sn 

rif.^netita and heiaatH^,

Ao is f!icousi>3d in a'oubr.^qv.-^nt saction en the pl;;,-.5lcil cL:?.r.i{f vy 

of tho iron ozlfoa (Chapter 9) there is an oddaticn-ru.V-.eti n r^?/ ticn- 

r»hip bottjcon t.^uotito sr«:! 1: , ::.; »-. ito vhich r&y he fcxprer;r,fl as foil-: /it

^j 2 o23

In a system involving tha iron o^dLdsc, rajpTetite and hcs.ntita, It is 

poc.tible th:.t the degree of oxidation co'ild bo £re&t evsouch that hemat 

wss tha proJoainant j?hico| or if the degroo of OTliation vis low, na^n 

could b-e tha prcdon>incit phas?. All Vu'IaMons frors p-ir-o na^irjcit© J:o 

pisra hojnatite arc posssiblo 3Ji cuch a system depeaJinr upon the physical 

conditions and the vay in v,hlch tho niiiernl asswiblaga forr.r>rU Thuj a 

-sitrjle way of expressing tho o:;idaticn grn'\3 of such an iron o:dLde c/st^ 

i»t)uld be in terras of tha r?itio of laarnetita to hen&tite. In rocks of 

low oxidation ^jracle the ratio would be vary high i. e«, rapiatito much

than henatite. In oases of hif-h oxidation nrsde the ritio would



approach aero, i. e., Bagnetite much less than hematite. In Figure 10 

the total iron (soluble iron) as coles of nagnetite per liter of rock is 

plotted versus the sagnetlte to hematite ratio for each drill core canpla 

which was assayod for nagnetic and soluble iron. The points dotomine 

a linear zone which /-.-asses throng the origin and has a etesp positive 

elope. The diagram clearly shows that tho oxidation da^ree decreases 

with incroaea in the proportion of iron. It mlcht be erjucd that thora 

is a cornon torn (nngnstita) In both tho crcrdinatos ar^i that the dis 

tribution of points is a natural consequence. This vjould bo true In a 

case vhore nagnstlto WIG plottod versus a rntio involving iza^itits rj^d 

a phsoa ouch &s quarts or feldspar which did not havo a chotaicsl roacuioa 

with the r»a£T4stito. Aa thors is an oxidatioa-rsductioa reaction hctivv.>n 

r^ji-iotitd and hcmtito, it is quite conceivable tlint vith incroasa ^f 

tot  'I iron tho o:dd«tion ds^rso could easily increase .r-rovidin^ tho 

p.:-&p-3r physical coalitions (pO^) pravaile-i. 'Hvaa v.*'.cn c^n^icl^r--?^ in 

this iray ih3 diagram is a valid prcsont.ntir-a of tho rslatio.-oiiip.

In elgnt samples frcm forty feet of continuous drill coro the total 

li»on oxide 5s always less than 10 male jv:r cont of th3 nssayei 0ap;l3. 

Hencs, these eijht sables as for as Iron cxlde ocntont is conesmsd 

C0'rrs;;pond vtry \all vith th^ tyjiicnl rac»otite-qi;£irtc-K-fel'"«j>;ir (,-v irr-*,. 

In Figure 11 the total iron (soluble iron) as noles of rr^riotite j>or 

lit$r of sample is plotted versus the ca^jnetite to herMtite ratio for 

each 6f th653 el^'it e-Viples, 7!i3 diutrlbutir-n of points is ebout a 

straight lino vhich h-is a positive slope and uhosa ej^enjion paa'os near 

to the origin. It is clear fron the {rpaph that th© d<5cz*eas® in oxidation 

grada with increase in iron content is oven rsore strikingly cipparont in
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the moppet ite-quartz~K-feld0par gnei0o than it i? la the bulk of the 

rooks in the mixed tfnoiea mibunlt, i. e., compare Figures 10 and 11. 

%» The principal eoncluaion uhieh can b* drawn from thecse

potrogra/vhlc and drill core data is that th« degree of oxidation ds- 

CT-OILX:S in G regular fashion (linearly) with increase in map; ?tite or 

total iron content, TIio theoretical reasons for this relationship ore 

di?cjsre<2 in a cr^bsoqusnt section dapling with the physical chemical 

I'islrj'MriiS Vot^rm th3 Iron ar-d tit , r'.ir-3 oxides*



CHAPTER 6 

G20LOGI OF THS EDISON ARZU

Th-3 heterogeneous itrituro of the irJred ^noief? cubur.1* is es^/rorsoel 

in the frequent concentration of the carpet it c Into dirtirct la? ere *s

*.oll ,-,s tv-a v^i-ir-tic-n in proper 1 5. one <"f other riinsrals. Tuc^i r,-;;^ich:;i 

.-.cr-^r rr^.' com 1st of a oin^le Da£jroti*o rlcti !avc>r or cf s»jv-3  *%* .! r^f:- 

n^tilj rich Isyferc &Dp?.rate3 ty le.in pi-i-irst TI*3 r^r,netlte rich tior.23

 1-3 locv?ly thick enough and cf l^iTj^ or^i^h O3^c?n* to cc-nutitutc "i-o.i 

oro of vocable /;rc^-3, Asr-jsy data fro.i tha drill c-cre^ ir-iic-ta t*=r:-t 

the nujr^tite rich li^-crs osrry ;n to 55-^0 ix)5.rf^ P- r c - "  - v AiT--"^-<5 

:-o» Thoi-a crrti'c^oly rloh 1-yer- f-r.ovr.lly ;;r^-'o off 1-t: Jo..?r..:.i' i -:11 

roc!: triidi ^:iy C2^r^ as littlo ar 2 v>i^t ;^r enit i^.;-. tic /o* JIo^j^*^ 

t!^r3 aro C'ls^s v&sre na^n^t-lto ricli l:/-i*i! r-d:e ^j^ rl-r»:.-v oc-nt-r.r* vith 

tho vnll roak gnalss.

In t::o £sucQoq'.3C?it £Ji::ctIons th.3 iron orco ar? d:*;>eus:?d iVor-- :~ji 

eooac^lc £*tmd; oint. In Ch'i/toi' 12 of this report tha crlfjin cf the ore 

is discuss 3d*

In the r.^ltou arsa th-3 nagrietite era deposits sr? ccsfiK-fcd to Q 

naiTow b-rflt ulthin tho tiixcxi piois-s; cuUm.lt* This bidt r-ctenda parall 

to the trond of the subaiiit for 7900 feat an:! avara^aes 15-3 to 2fO feet 

in vidth.
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dictinot magnetite rich tones ere present within this belt, 

&nd are ahoun on Plate 1, either as inferred or indicated* Indicated 

ore aonea are veil established by drill core data and previous workings, 

whereas inferred ore zones are e0tabliehod by dip needle and surface 

observations. The jnost important ore sones include t (1) tho ora zone 

in. the southeast \»rkin£8 of the Old Cgden crd Boborts I Tinas (this 

corrocponds to tha eulfide KDne)f (2) tbo rro zcne vviich passes thru 

ths north vost workings of tho Old Ogden and Roberts Iline and extends 

frosi the Victor Mine as far southtjest as tho Davenport I lino; (3) the ore 

zone which is located to the northwest of tLs Davenport Mine and is 

apparently displaced alojig a r.lnor fault just southwest of the Big Cut, 

and (4.) the ore zone passing through tha Vulcan Kins. In ad lit ion 

mn&rous smller r-a^notito rich layers ara j roecnt| hoi'C'Vur, it is 

doubtful if thfese era Inr^e cacurh to constitute en ore son3. It is 

possible that othar OTQ sense iar./ ba present in the northuiot portion 

of the xnixod g;i«iss (jubunit particularly ct tha Iron Kill Mine w&i poc- 

riMy in tha son3 pasninfj thra tha Copper Shaft. However, adiitionil 

data aro needed to identify othc-r ore

Seven diar,ond drill holes, vhich totnl 3937 fsst, ^31*8 niade by tha 

Pittsburgh Colca and Iron Company 'n 19/*3» The core vss aosayed for 

Liognetie iron and 00213 zonos ujre asf»ay©d for soluble iron, pliosphorua 

end sulfur as wall. In 1920 Bothlehem Steel Company diarjond drilled fiva 

holes uhich total 3015 feet. In addition they mado 10 chaiinol sariiplos 

the Roberts Mine and the Victor Kins along the magnetite rich
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zone vhioh passes through the Condon Gut. The Bethlehem Steel Company 

aecsy«»d the drill ooro and channel anmplea only for magnet 'o iron.

The eld surf a co vorkings in the Edison area not only provide infer- 

nation as to the locale of the magnetite rich ?xme0 but also provide the 

best exposures of the aones. The ourfaoe workings which are located on 

the fope mp (Tlste 1) ore open pite and from the eouth***st to the north- 

or-.r.t arc called t-i0 Lig Cut t Davenport Kino, Old O^den lline, Itoberts 

!'in3$ Conion Cut, Victor I line and Iron Kill Cvt. The underground workings 

wero 025 the 632*3 r,ia£cnotite rich sones and fro<a tha eouthvcat to northeaet 

incliKla tl:e Vulcan I'dno t Davorsp^t Mine, Old Ogden Klne, Rob art 5 Kina, 

Victor Mino and tha Copper Hind* Thus, cost of the zaaenot'to rich sorioa 

Vxvrs vork&d both on tho sur.faco and unclergroutid. All tfcs midergi 

vr-'j''-;?.r<y£j are now flooded and lna^ceQ3sible| however, Baylfc/'s I'or 

(1C:10) provides so:.je data pertalalng to thc!n»

A r-iorli.fied V- rsion cf a dip neodlo survey r-a-da by the Lkllcon 

is plotted on tho base r^p (Pl&to !)  Forty &iid sixty degre-a cont 

ar5 used, Th© sixty degree contour correopor.ils to en absolute reading 

of 70-80* with a standard Curloy, I/iko Daporior dip needle calibre tod 

to read -21* over hornblende granite*

At leaist t-t^o varieties of magnetite ooncontration cin be recogp^ sod 

in the mixed gneiss submit* The first of these is related to the typical 

ciagncititG-^iuarts-K-fel-'cpar gneiss ai'd is the most i&portant type. In 

this type inacnetite nay be errrlc'ied in definite bands (up to 3-5 inches 

thick) vjhich nay have fairly sharp contacts to the vail rock gneiss; or



more often magnetite lean vail roOc gneiss grades abruptly into a magnetite 

rich layer by a progressive increase in magnetite. In this latter case 

magnetite increases froa disseminated grains in tho lean vail rock, to 

thin discontinuous bands in rich vail rook and finally into heavy solid 

bander of na^netite 3-5 inches thick. In gcr/eral ths tsaae ninaral phases 

-.re found in these cucnctite rich l^ysrc r.s In "he lean wall rock; how 

ever, ths proportions of the nine rale Vary crr-.vily (Tables 4 find 5 f Fig- 

lira 3)* Ili'V-jnchorciiltE* is ^r.orally absent fr^a aasnetits rich layersf 

but it is often a n^jor ccc3cr,or/ in the ir;..2cliatG vail rock (see Chapter 

7). K-feld^par is often absent in the rj£;;v-t5to rich lrv"crs but yhen 

prsee-nt ?.e always an untwinnod variety (cc?e Chc.ptei* 6 on K-fe 

Ci.vrt^ is al^j^ys G Eajor ^iijaral in crjch l/.ycrs, /ijatlta is £;s 

ehr'c!:-::- ?. in r,^jjr;^lito rich layers and fluor'ta h«5 be-;n obr.^i*vo1. 

of retarudimentary cfT^nitios euch f:s biotite, garnet and oil! ir.cnitcj 

r.ibord5jxito in tits r^>-3tite rich layers, but .-julfiles (pyrite, rolyb- 

dan?te f cl^loop5v*.te a--.d l-^rrtlte) ara locally cnriuhsd (yea ruction on

eacond variety of nagnetito rich 3/».yor is ccjapoeed of 

and qu-nrts end is proMbly related to tho ra^netito-Kjiiartz gnoiss 

ciiartKits?)» This typo occurs a? distinct la^srs enalopsd vithin the 

prsdoninant r,agn3tlto-quart^-IC-relcJapo.r ^.oiss. I^iy^rfl of this v^rioty 

are generally 6 inches to 1-10 fest thick aad nay pinch out alozig strike 

in 20-50 foat. Internally cuoh la^ra ara unifoi-a in that tia^n-?tit-3 and 

quartz are evenly distributed* Kagnotite and quartz aro the principal 

minerals of this type of 01*0 layer; >Ufoldepar is absent oxoapt adjeoent 

IQ the contacts of nagnotito-^uarte-K-faldBpar gneiss. In addition



and heoolliaenite are absent , \&ereaa biotite, nusoovite and 

apatite are tho chief accessory minerals. As quartz and nagnotite form 

over 95 per oent of the rook, this type of ore layer Is 

very olnple.

In general the texture of the tuo tyjy^s of najnotlte 

are olnSlar In that t^.ay ars r/»dlur3f ev^n £T>ir,M and x«"«cblcr**o. 

ever. tho strnctures of the* tv?o t^foi aro in rarkod oo^t~-=frt-. Tr.o 

tlta ooncentrat/i onn vhlcb ara nlat^d to the r-A^'jtllio-'.jiTirtz  V-fe 

i a ^nnirs.iio sti^ictura vory fl5jil?.r,r to that of tbo a^j 

In contract the na^)etito--^in^*t*3 va^ioty his e vorT" ^ 

grselsolc otrjoture diio to tha rpcc-it^r lentlcs&nrlty (d-'> fo7.T.'?'1 o' 

of tbe iLluDi'als* 7Iier3f« differences tnre dii?ci;sr?d in nore dot^il in the 

section devoted to the petrolo.y of t.h-3 rlxei ffn^ica s

Tho contact rolatlonshlps botv,oon the r«if,-aetlto-quart2 xnsiea cmd 

the ynagnstlto-quartzs-K^feldspar gnoios Is w»ll illustrated by I:l-«to 20, 

As can be peen in the pinto the contact vith tho rjagnetite-quartc-K- 

feldspar gnsiss is v^ry ohorp but slightly irye»fjlar« It ic not the 

plnTiar coj-jtcct of fio?«ure nature but it is tbo naUj^al grain touad^iry 

contact b&tt&cn the udjaeont layers of c^Ssc. At the crntnct t*"sre is 

an abrupt change in texture as tiall na composition* I'a{motite is enriched 

in the magnet ito-quarts-IC-feldspar pisiss along the contact; hovovrr, 

tejctnrally tJils enriched sono of magnetite is quite distinct end separate 

from the nagnetlte in the ina^netito-q'uarts gneiss layer* Within the 

tiagnetite-quarta gneiss are lenses of ragnet its-quart s-X-faldspar



r
which hn7» veil dewlop^i K-feldepar porphyroblasts. These lenses appear 

»rre intimately iniaoed with the magnetite  quartz gneiss than do the diistinct 

layers of the fflagnetite-qt^arts^K-feldffpar gneisa. In addition there are 

^-feldspar porphyroblcsts completely isolated fross any lenses cr I&yor0 

of r^snetits-qx^rta-K-feldspar gnal^s* Those relationships august that 

e.t least rorie of the £- feldspar and perhaps the jBagnetita-misirtfl-^-

pysisa \?.?r5 force i r.ftor tho for.-ation of the narnetitc  ̂v ri;*tz

Th3 ore zonos aro oonforj^ible to the foliatioa '-f the rpia 

In no caec:fl do ria;paiite rich 3 -\v-rs orocc  cut the folia:. ion of edj^oont 

gn3i5sos* Structurally the nagnatlte rich layers r.r3 equivalent to t!i3 

adjacent rock layers t The drill core data chc?w that r-a^n»tito son.-c 

v.izy fran 10 to about 30 feat in thickness. Th-a thic'ier ranoa n'ft) 

alvays a composite of sev&ral n*Dgnetite rich layars which alt&^rr^te vdt-h ; 

layars vhi<^i are less rich in na^netite. The thinner oi*a zones ar^ e?en- 

erally a single iiaiforni r.a£Tietite rich loyor,

Ths drill core dnt-a 9 dip neodle obssrr-jLOioriS^ and field cbuonrstioas 

definitely prove th-'it the ore zon^s pinch ciid &w?ll parallel to tho stril'e 

of the foliation. 31:us the ore zonas chovn on Plate 1 r^e dlsrontin.nun 

ftlon^ the ntrite5j t/here such ilisccntinulties are expected ths era rioi^ 

is inferred. Actually, the data indicate that the ore ixxios pinch o^;t 

in the folistioa plena but in a direction parallel to the linear a'lruc- 

ture in the g;Goiscos» Thuc tho ore aones are tabular shaped bodioc rith 

tha tv/o jsp.jor diaen&ions oriented in the foliation plane and with one of
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these dimensions oriented parallel to the lineation. The lineation 

plunges 55-60° northeast in the Old Ogden Mine and about 50° northeast 

in the Iron Hill Cut. Prill core data prove that some of the ore zones 

extend to o depth ot least 700 foet fron the surface; however, it if? 

uncertain how far dorm the linocv structure the ore zones nay be 

projected.

Like the adjncont gneisses tbo ns^netite rich layers ore sonetires 

defon.ien into nincr folds. fuch a fold v;;<s described from, the Roberts 

'!ir:e in Chapter 5. As such folds aro t:'ght, magnetite layers ere 

essentially doubled in thickness along the crest of the fold and form 

a linear shaped ore body T/hich plunges along the fold axis. Such ore 

bodies have a distinct cap and bottom rock. Althcugh linear eh-ped 

nagnotite ore bodies along the axes of folds forn important ore deposits1 

elsewhere in the How Jersey Highlands (Sins, 1953), it is certain that 

they are subordinate in the Edison a ;-a. The i.ajor ore zojies are t«bul«r 

s'laped bo>:ios as previo\isly de^cril.'od, and mich linear shapod bodies 

that may exist ore only the result of ninor folding of the larger planar 

ore bodies.

Jointing and faulting of the na^netite zone is ioentical to that 

dnscribed in the chapter r-n stnicturf?.
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CHAPTER 9

AHD ujEHHwmaKic DATA FOR TKE K

H)riIE~U&T£R SIST2H (OJdDATICN - REDUCTION EQUILIBRIA IK I LtfAMDRFIUC AflD

KSTA30IIATIC ROCKS)

In crcbr to obtain eny roaecnriblG r.otrolorric intyrprotitirn of recks 

t&ich bear iron and titanium oxid3 niinarsls (nagnotito^ hoLiititc f 51r,o.iite 

ar^c! rutilo), It is nscaecary that -iho otability relationships of thoso 

various jrdiiarals be xwlX.unaorrjtood. l.;-r>3r5j:cntr.l dst^. ar-j lac*-:in£ for 

tbo iron and titc'.'iiun oxide nystor!! G3-:c3pt at vory hi^h toi,ijX-rritvros« 

Fcrtianatoly roliaMo theno£>3ynanic dr.ta ars availr-.bl© for r-aguetite,

cud 0 ovor a ranga from l&y to hif;!i ter^ratvra. Ir,i fti-ii

therriodynanic dr,ta ars available for IL^nita and r^t,51e. T^ 

it has tec-a posriole to o?.lo»i*Hto ro:ro l^oi'tant onorg^tio ^l^t-a for ths 

p^petito«bo;:^tito-ilr;£^it3-r*atilo cyst en, C^cifically, i.h:^ five ou^r^ 

incrcjJis3 (^ F) and tho equilibrium constant for th.3 reaction

2F2J°/, * l°2 " 3 ~e2°3

-ar tbe nagivstits-he^^tita reaction) have tesn determined for a

3 of tGr^-oratr;r^o frori 200°C to 1/^00 aC ar 

1 to 7GOO atttoepht.-res*- In addition tho f;-ae sror^gr incrcaoo for th- 

recotior\3 f 2FeTIO* * ^03 a ^op°3 * ^^^3 (^or{3^^°r ^e i!bv3nite-hi ;.s tit 

reaction) and 31'eTiO- *  |02 * F°3°4 * 3?i°2 C^^aftor tha ili^aito- 

nagnetite rsaction) h:>vo boan compared in a ee-rdUqtmntittitlva vay to that 

for the n30ietito-4i6r3atito reaction and it is eoncluiod that ihn tl 

reactions are ejierticsll ver
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excellent data partaininf td the dlaaooiatioa of water 

°2^ ** kigfr toajwator** h^TB beoocaD available (Duyvr and 

Olderiberg* 1944-)* la a petrologic ayatea which contains Eagnetite and 

uater the oxldatisj! of Bognetite to heraatite is a potential chemical 

* In order to evaluate the effect of water on the na^notito- 

equilibrium tha freo energy increase end tha equilibria constant 

for the formation of uater liave been evaluated for a range of tcr 

400* to 1000*0 and over a r-ai^a of prosnuros fi*oa 1 to 2003

The data for the dissociation of \,?ater as giv^n by Dv^er and 

(1944) f^>3? 1 ataosphora ^ronaure o*/or this rrriga of tr^^ora 

w.-ra un3d« His equilibria ooastants wsro extoud^d to hi£v er pros suras 

by stan-lard thcrujodynaiiio ealdil&tiocg*

ath t-he approxliTite evaluation of the equilibrium oon: tcuits for tlia 

roaotions ^Fo^ -»  ^02 * ^F®-^ find 2H2 * 02 * 2^0 it is tl-^n pcs;;iblo 

to evaluate la a qutmtititive frs!?ioa the sicnificance of a /:;lv^n corichl 5 ~n 

prad^ (fxon oxido parato^sis) in a n3ta^orphio or rietat:o>ii'c rock. '."  -'*, 

th38d d^.ta are utilised In an effort to interpret the iron &nd iit^nitEi 

fjxida paragenaaia in tha i^oclcis and nagnetita doponito of tha Hdieoa unit 

in the KdSson area.

75?« eheraical reaction I>etw3c& :^igrGtite t ksisatite and osycsn os 

veil as the ve notion bstvesn ilrenite f he-iatite, rutile and c;y«;en h^/g 

been considered eg roactiona between solid phesos and a £as f«haa?» 

Therefore, tho data vrae*ntod era only applicablo to r^tsmoiTp!i5.o and

rocka in v&ich th® dneral pnragenQsig dovoio^S'i in a 

environr«ent \foich consisted lar^aly oi* solid phaces end a roinop 

csnount of disperse phase (Barth f p. 315* 1952)* The disperse ph-.se
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includea all material In the gac or fluid phase &§ veil as material *o 

highly activated that it kae not beooaa pernanently fix»d In any eolid 

phaee* Nevertheless, these etndios apply to igneous rooks ones a solid 

phoc3 such ae magnetite has forasd* Indted, the application of thasa 

3tu5iec to ths cooling ste^ss of a crystallised igneous root isay reveal 

important Information pertaining to the physical conditions vfc^ch existed 

during th-3 deutorlc rta£3«

Prob'ibly tho riD^t eoi"ious lindtation cf this treatment 53 thst the 

iron ani titanium &:d.ds ^- uator s^'aten is coualdored as Isolated froa 

tbo rsrvaisr^r of the petrolo^io nyateci* Other solid pkisas v/ill of oovrso 

hftv.5 a deficits fjoluMlity in tho disperse phacs and In particular othor 

^1 ich cr-nv^ln iron rcny influence the stability fiold of tha Iron

Cb^dcuslj*', I/has? difficulties aro inposaiblo to oval'-tato 'n a 

qtrr.utitc.tiv5 ui7| thorarora, rrxr'* ideal conditions ha?3 bs^n ?3:u?;«3d ia 

thia diccus^ion.

It rd.r,bt bo r.*rg?aod t!ir\t t!sa trsatiisent ]>r*. ? wonted 3ic-rc i. 

l,:o*u»:J3 the chenicsl reactions as wrlttan ja«obob!ly do not r 

real reaction t-Mch tco!t pined  For ©:eir:<-pl© f the osddition of 

to Ivar^itltij r.ay have involved sovaral lntorn?diato conical exchange8 

vhlch cannot V-o pradiot-^d. If sunh is ths oasa It can be stated with 

certainty that th? r^ao'^ion r«,tc-c will bo considerably r^cdified* fo\&Yjrf 

tli-3 thaiTDccjysjfirjic troat^yi-nt ei.iploy*d Is jx^^f^^ly goncral and tlio en^r/otio 

chan^os ^i-ich ts>a plnoa »?ro not dependant upon the path of ths reaction 

but only u. on ths initi&l and fir:-?l states of the systen. Therefora, the 

treatisent  *r:ployod is applicable dospito the- fact that the exact nature 

of t v e chonical reactions cannot be evaluated.
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Introduction

The significance of the Eia.r^etlt9-Jh£r>atit© chcnioal reaction can 

best be er;pha01i5Qd by pointing oxit that it is a potential chemical 

reac'^icn in ©vsry rock which b-j.rn Do ninoral nagr.otite* Tho reaction

IG porxitivQ to the partir.1 prc-cc-uro of 00 fc^.'^i - .-( r>-j7« Thus* if*  « 

it ig Torjsibls to de to: also t!:2 ooiiillbriun j^rtial prcscnire of 02> 5,» e« 

dicsociaticn p(02 ) fc-r li^ratlts, for the rsactioa ovsr & rar.g3 of 

t-urs GT4 p-rocs>iro it trjiild bo poo -able to obtain v-o':~£ q'oantit&tiva

idea of tho p(0 ) prcc-cnt in a rook fcvning syctaT*. Jf the ^sa 02 is <& ~

in etjuillbrim vi-h othor o^n/onGr.ts, euoh SE H 00 f C0_, Hof etc., with*  fi £
ccrwalrs risi/ur.pticris nn ! r>t>ier oc/r-.llbrilu-.i data It rd^ht ba po^fiblo to 

calculate tho partial proeoiirss «^f BC^IO of thopo other volatile oonpoaants 

of ths r^:k fcr."i^£ n/a^an (fctncd?, 194^).

It ig ths rui"jX't:3 of this '.-^clicn to \it.i3irj3 all tbdi a'/^ 

in orcar to calculate the oqiiilibriu^a content and p(0? ) for the L 

hen2.tit3 reaction for a series of terr?3ratur33 and ;.roacuro3« Thd data 

ara of t'-r;o t^^pee, (l) ex;jerins.stal and (2) tb^rnod

VforiciiS uor>.srs havo otv-Aiod ths r^^^tlws-bts 

hi^ih tei^ratui'oo ^-4 at a total :. -roc sure of one atsjosphare. Tho at v die 3 

of Graigfct al., .1955} > ^hnifthl (19/1) and Dsrkon and Gurry (l9/*6) gtnjid 

out AS tho best niodera tre&tracnts of the gjyeten,

Gr>>ig a/id hlo cs-woi*3corfl dotcrrd-iiad the equilibrium tempera*.ura for 

the Kapnotito-heuitite reaction for partial j'-reosures of C equ«l to



760 BBS Hg end 159 ran Hg» la addition they determined the degree of eolid 

 olution of hematite in magnetite at temperatures between 1100* and 145 0*C, 

These equilibrium temperatures at the indicated P^) are listed in Table 

18. 7h-?y found that at H50*C magnatite will take up to 25 weight p®r 

cent of Tc.fetita in solid solution* Kov3var f as the tenperature drops 

the deorua of solid solution drops vsry rapidly, co that at 1100*0 thore 

is lees than 10 weight per e^at heEatita in thn magnetite, Tha impli 

cation of their work is that at interz&dir te find lev potrologic tcr^r- 

atur®s the parcontaga of hematite in solid solution with rm^nstito is 

nogligibla*

The exparisr^ntrj. data of ^cfe^hl (1941) at -a also listed in Tabls 

IB. Ka dst&rnitj:td tha ©quilibi-ixcj p(O^) at a t-arieo of ter.^ratures for 

the n^gr^tltG-h^rtfitlto roaction* Hie data a^vos'very v-.^ll with Gr.-lj; 1 ** 

Ha wsrkod at teJi^ratiiroo as low as 1310*C and als^ found th^-.t thyro is 

voiy linitod solid solution of har^tlte in r^L^otito at DUC'I a te.r:cr-. 

ature. In a-iiltlcn h-3 found t!:?.t tnuro in ejr^ntlrll.r no ra^Vx'iit^ -In 

solid solution in hcM-*tita at ts-paraturec ICLT than 1200*0.

Ths wrk of Ifcrten and Giny (1945, 19/*6 t 1953, pp* 347-3^9) is by 

far the bast availf>ble treatis^-nt of ths ru^^tite-hawatito-oxytrdn ey^ten. 

?htsir esperlnd-itg ha?a enabled tha conitn'.otioa of a tenj:«raturo-ccr;y>osition 

rnsi for the Fc^^ eyc-tssi (lee e cit. p. 351, 1953). Tha equilibria 

es of the C 0 ) ^°r tho Ji^^ptito-h^r^tito reaction as found to thsa

ars listed in Table IS. It is sptvarent th-^t the so P(°O ) acrea vei1:" we- 11

with thoso detoji 1-vod by Croig (1935) and by Scl-irmhl (1941). The to - ;;>cr 

&turr?-co£^x>3ition dia^an of Darken and Gurry (1953) ratals so^a \^ry 

important facts. First t the diagram Indicates that henatite talcec no
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magnatlte Into polld colutlcn at any temperature. Second, nagaetite 

takes only limited amounts of hematite into solid solution uvsn at vary 

high temperaturea, and essentially none at temperatures lesc than 10TO*C. 

.Tn addition, although it ic of no particular significance to the napiotit 

hs.v.itlte system, it is inrxsrtsnt to note that magnetite takes no i/!silte 

(FcO) into solid solution at &ny teicpsr-'tura or composition, Fin-illy f 

Darken and Gurry h.ivo evilu&t*J the equilibrium pCO?) ^°r H& dirc>- 

ci'ition of jL»gnetite into ^Istita plus ^ ^-^ f°r -a° dissociation of 

vDstite into native iron and 0^ for toripsraturos abovs 1100°C,

In BBrrriaxy the c^srxT.ntsl d-ita ini.lc~tc tho fclloi.'lng csjor facts 

oona-3minn the na^netito-hG.r-atitc- c:g-"^en r/.'sten. First, there is oc-sn- 

ti^lly no sol5d solution Ix^t'jccn rajy^^tlto a/id ho:r.ai,it-3 at te^^jr-ttu^os

, . .i^* < .S. Vrf. W w -* £! **-»-  . 4 » ' \ "*^» / *- W   4 . - ».

*h2 cqiiilibriwa pC*^) for tha !ia(^ic»tttft-hcr*-:tito raastl-^n, Vfcrrcv^s 

T,-ry rapidly froci a value of 1 at-.^svrv-r/v» ^t 14-5? 3 C t^» a vr.lm ,:3-ir 

^3.5 nm Hg at aVout 1310»C. It is fhei-r-^rc! ^T^.:r that at t-;-r:-  jiV,; :3 

less than 1000*0 tho oquilibri^-n pCCU) irJ.ll i^cr'jar-e to /-ary c'^'-ll value 

r>o that heraatite v^.ll ror.dily fom frra n.i.-^-stite If th^> :>(°2 ^ ''v-.-'^^o'ie 

p.ny aoproolable level. It is ths purpos* of th-* rciiiinl^r 'Xn th's s-io'.i 

to evnlutita ths equ5.liVr5.ui p(00 ) for the r^aj-r-jtitc-hoT. it its re^eti'-a at 

temper aturoa less th.?.n 1>X*C anl at pr'.:^.'".ur-:s frc^n 1 to 70"'0 r.*: ->fj:-!. ir^

One foils of the 'J3bby-H?lriholta equstinn ttiich applies to any chcTi

reaction which takes plioe in a closed eystenf at equilibrium i:Jth the

external pressure and iBothorr^ll^ is a F» _ifl-T^S, vfaere a f , o Hand
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A S represent the increase is free energy, heat content and entropy 

respectively for the given isothermal process (Glasstone, 1947 p,2Q6)* 

Thus, if the heat content and the entropy for the react ante and products 

of the magnetite-heinatite reaction are knovn for a range of temperatures 

at standard pressure, it would be pofl"5.ble to calculate the fros energy 

increase (^ f) for the chemical reaction ovar the temperature interval.

Fortunitrly, the heat content pnd entropy incrrerrvents for FeO, Fe~0 *m
3 4

Fe^O-j for temperatures between 298.1°K ?nd 1800°K, at one n 

totf.1 pre.srnire, hcvo recantlv beeono available (Courhlin, King 

BonnicV.f.'on, 1951). In addition enne-ntinlly tha sane thernodyn-.rio data 

for 02 r-jra availab3e (Bos'lni, 1952) 

l? b.lli?ln^ thor-3 hast content and entropy data it his be:n posr-iblo 

to cp-lcula-'-e the fre^ energy increase for the teapot it o-htrsatite ra.-ictioa 

for a series of teaperetures at otar«d.crd pr3f*svre t The e-.^plo calculation 

b?loy fcr Q terrparaturs of lSDO e !C trill illustrata the ri-utliOiU 

^"o 0 + i) K ^0

4il
sl

H

a

(free

(heat content)

(entropy)

T » 1200«C, P - 1 e.tn. 

content and entropy valuea at 2^3.l6a K (25°C) ero:

(c^l/iiole)

35.0

-196,500

21.5

0*000 

-49.003



and heat oontrnt and entropy increments for 1200 *K aret

!!fi Fe2°3 °2

5 (cal/nole) U,950 30,870 9183.6 

Sy - S25 (cal/de£.nc>le) 66.9 45.80 10.73

The teat content (entroiy) incra-^nt ip tho difference betwoon the heat 

content (entropy) at tho te::»;*,rnturo ? (1200*K in this example) and tha 

heat content (entropy) et 25 °C, i. e., 11^ - K2_ (^ - S25^* R^nce > ^7 

adc'.ins the- hsat content (entropy) insrenent to the heat content (entrop/) 

at 25*C (H^^), It ic posr-ibls to obt-.in tho hs^.t content (entropy) per 

role for the tcripc-r^ture T (!%) for rn^iotlta, cxjrgt-n ersi her/itite. By 

rsltiplying theoo tr>lar valv.oa by the cppivpriato coefficients the heat 

content (entropy) v-lusr for !;: * re^ctanis o.nd products of the r/i 

reaotirn ray bs obtr.inodi

H3 e 3I7 * 3("">,C70 - 196,500) » -496,390 c^l/ni

H5 « fe, B ^(9^ {>3.6 * O.COO)

(H2

» -

". - ~(10.?3 * /r9.00) » 29.S65
^ A ^v

2^ » 2(66.99 * 35.0) « 203.93

hence t ^F 3

AF a -57,3£2 - 1200(-31.95) 

AF « -19,032 oil/raole 

« 19*0 Kc° I/mole



In the cane Banner by utilizing encJogoua heat and entropy data 

(for the appropriate temperature) the free energy increase for the 

jaagnetite-hejaatite reaction ma calculated for a tenporature interval 

from 25 *C to about 1400*0, at one atnosphero total pressure. The so values 

aro plotted versus temperature in Figure 12 and alon£ vlth ths e*'  yo-rlatc 

AK f ^S and up values era talul?.t<?d in Tc-bls 18.

Other vcr!:ors (r.ich-irdaon and Jefros, 1948) elro calculated the 

free oncrar incroane for tl n.e r,i^n3tlto>«-^eriitite reaction over tho cr.r^a 

teiuper&tmre interval at one atnoLvViore tot si prcsnurc. They usod the 

c«:.»-3 nothod GS outlined above but uiill^ei oldor :\cct content and ;. '-rc^y 

data. Their valuss of AF vc;rc*;:3 tci'.Ti^riVviro nlso are plotted In Figure 

12. It is obvlouo th t tV.o tt(,i'c :-r-ont bo-:,ir;oa their cui-vo r.nd the c;» 

calculated with t-hs r^.i-o i^eent c?ata is v^;-y cco^* cs.Xscie.lly 5 a the 

teEpar&ture ran^e of 500° to IOOO°C.

The equilibrium con^^^t for the n.-ijViiiitc-hsiv

- n \3: O-iO^y

ie K , _______ ^3 _

Uc <« 5 4) (ac« 2/

Sy tiio r-v*.«3 /ieti^a law the activity of a pure solid is ecual to unity.

,-».nd Cur.*y (1946) evaluated the nativity of F0,0 in rngnotite at
^ A

one atnocj)^eJ^s total ^rossura end at tenporatures above 1100*C. Their 

values for various teraperaturss are listed in Table 19.
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Table 19. Activity of FfcJ), In Magnetite
J> 4

T»C act Ft 0
34

U57 0.85
1392 0.90
1330 0.925
1313 0.93
1130 0.98

h cs bolou ll'-OaC *\t 1 ataoophors total pressure f oolid solution 

of hon-trta In najnoiits in ne;;lljiblo (D-rlron and Gurry, 1953), tho

activity of Pe,0, in n«fn»fcite vlll bs unity l^loi/ this tenir>erature. As  ^ 4

hor*itito to.kas no r,i^nstito irito colid solution, its activity io unity 

st all ter.parfituyco end at one atr.iDnphoro tot.!il prossxirs* If H is r.L'^ru 

that t-^3 eolid solution ralationrhips betwoon ua^etits and hanakita ara 

not influenced b7 p^erijuro, v^ioh C-JQKS li'rely 3n vioy of tha fact that 

thcrir co-fficic-ntp of thei^nl expansion and ccrijr-rsssi'bility (ii>a r^arl/ 

id«5ntJcr;l (Direh, 19/^2), than it ra^y bs concluded that the activities of 

both h&nalite and mj^notita are unity for all tenporatures bslow 1000*0 

and at ell c-olo£ic pra^Diiros for a eystca consisting only of cagnetite f 

heinatita nnOI o^/jjsn. Thuo the equilibrium constant for the ro action rvay 

be s.lrinly oxj-.rocs^d f»3 *
K a ____i_ __1 1

(not C2 )z

Imsn^ch ao tho concentration of oxygan vdll ba very a.Till it is pc 

oible to substitute the partial pressure 0 for its activity. At low 

concentrations thoy will bo identical. Thus the final Gquilibriua



constant la pimply exprea&ed aa

The activities of both Fe-0, and Fe 0 will deviate markedly from unity
^ *$" ^ £

in a norsial petrologic sjycte^j in \&ich varioua solid solutions vith 

other compounds are fox-vsd* The ei£nific-.nco of such deviations \dll be 

evaluated erubsoqv.ently*

Using the rclotionchipo u FM « -I&'lnK \-aiich is derived fron the
x

roncticn ipotbcm (Glacctons, p» 2#3, 1947), it is possible to calculate 

tho equildbriun constant for tho Civ^-jtlto-ksrivt^.ta' ra^ctirn at ^ay 

tempera*Tire if the fro? cnor£y incrcacs is !rr.oin« Tr;ii5| uclrc ths -^ F 

valves obtained fro.?: ths thcivi.^X;"V..rr.ic ic.t,i, tha cordlilej.:'^. consents 

(K^ w-ri-e e'.:lcrulf..tod c^d ei\> Hctod ^a Tablo IS, In I i^ire 13 Ic^ i^

is plotted VD'fpas i for one ati^otmhsyo proreuro.*K "

If the equilibriiua p(09 ) for tbs tragn^titc-honatite reaction is
rf*

l-niovn frcu exr-erir^ntal il'-.ta end the activities of Te.O^ ani Fe«0.
<: ^ ^> 4

arcs kno:-£i for tha appro;-.*iGte tu:jf'-ii/'-.urep, 1C, e^-n be dix^ootly o^ilv-tt* <
 * 

It is than posrible to calculate frso er.erQr iac'rs*.i2a (<-F) by usinjj t!ie 

expression _>F » -STln^, This h^s T-oon dona for the high tei .p-rrfttura 

exporioent^l data of Darken ar:d Guriy (194^)* -"^& thres calculated valu 

of & F ara lieted In Table 13 and nrs plotted in F.igure 12, Uiere thoy 

fall on tho cui*va of : 1J.chr.H-cn nnd J^ffes (19/^). This agreansnt is 

ejqxjotsd inasmuch as Ricjr-ord^on end Jeffes v^sd eirJ.lar esperir;ostal 

data in ordor to plot tho uptor porfcion of their curve» The uppsr 

portion of the A P GUTVS of iciehardson and Jeffoa, \4iioh coincides with 

the eicpsrirnental data of Barken and Gurry9 is a veil defined straight 

Una and has essentially the saisa clopo as tha curve established
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in tills paper but IB dicplaced +1,4 Kcal/nole from 

tho latter, Darken end Gurry claln an nocuracy of about 1 per cent 

In their p(O-) deteraiimtionsj xfcieh is not nufficient to explain the 

different * Mtvaan the tw curves, Cou: hlin f et al, (1951) c?lair, tj* 

accuracy '-f >nly 1 to 2 r^r cent for tho bull: of t'.-oir tbor: ->:^.. : .ic ;:,t 

An o**ror of tliic r^nltiiJe eciiDd cMli&n th~ dir^i-c-inc- bol'.r. ?r» iha t\.*5

curvio, \Vr/ }:*,Voly tho e;iv/r in t!ia 1* ^rr*-- V "  * 3 r.r tltirn Io c\ . n 

leas at lo'xr to^/cr^.tvjcri^ PO th".t the on*c? in \,h3 a? v.luc-i, c-1cr>- 

l-it:?d tv-'3iv,>3yn". -Aerilly for the low tc.-r-oi-ntiiio ->vn~3 5.s pro*. My Ic.-r 

e.rin t 1 "c-1. TLis - -11 e.Tcr vlll «jrv2 v^iy littlo -;V- y^. ^ 11 ^ 

C'lculr.t:-! v«2^cc of 11. c ocinlxbr'u:.; c- *t';t«:nt K..

3 r.-.ij ... : ->!T5.Vrl\:.-i ^on::t-nt fcr th^ ri-;n !/.t^-

bith : A-3r.T"tVff. ilie I- ,ic *,!ys:-.. 

"F i/o MTU.-:''-.M is k : ( ^ ") »

in

'->.. ^5

:'. ) for - : ,

-.:  -.,:-'.1:11 ^i .t   r -.jr-u.*a './ill " '." -i l-r

constant T; -ni ^V irj K/; -.ol-;r -" .-lv 3 ci.anja for the roact5.^n at lh- 

tcnporatwe T (Gl/joston, 19^6, p e 231, 2;.l) f '.hi oh for the reset ioa
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2°2

(specific volumes of 
reaotants and product s)»

ie

In orior to evaluate tho c^uinge in tha free ensrny i^oroace it is nscoc-

cary to integrate tba atcva e.-:;>rennicm f

/ T » constant

*.ho ljj'11-3 O? th<

..J\ ID the fr;;a

:.on r.re froa I atrrvsphsra t r tcl pi*c-;-;^u^o to

\x.. roP.

*g/ tf.ji-once at tho high pr.rs?1 *^?, ?; ani cAF.

at a ,!i'::C5ur3 of o;-ia ^t-ojjphore. Tavc, ^-ho -j,:_ :' ."^*«

Ln-rtccj at any prosri'rs ? r.nl ter^r-ituve 7 *a

As tho values of ^F^ hiva already bc-jn dotcrjilti^d for a c--?ries of 

temperatures (Tinlo ir$ f r'ir.axs 12), it 5s only ^cc&ssaiy to evaluate vli9

ii-to^r^l t-srr» j*or tho 01:1^ r^t of tori./.^r-itv 1*33 in order to evaluate -F^t^'

Th3 i.^li^ v.--lu:-3 cvc.-r^j ^V^ in it-If a funoUon C A thy ', ''^il

proutrurc sr.i tcn.crTla:*e ft Ti.? re fore, 3n <  ::-V»: % tc oval'iatf- fl'rj in^i^^fil

it v^ic n^c-;:p£:£-.iy to ci^ 1:'.**'."1.!}:© aY for a Sc-rl-^s of j.rt c^ircs (tt thr»3

rpecirisd isr.^^r..l.iir."1 ^) ?-.^d i.^en to t=lct three a V ve^^UQ ? isoth^rnst

Tho or-ja t'ensnth an isot^^nr* bot\»on c-ne atr:.:.r/;^hero and any ot\or p

/ P is tho vslua of the integral, J JV'dr, for tbo particular p
1
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Interval at the partioular temperature. The addition of this area to 

the free energy increase for the reaction at one atmosphere pressure, 

^Fi» (for tba specified tosporatura) will givo the free energy increase 

for the reaction ot the higher i-room^re^ ^F > for the specified

Si order to evaluate aV it is nec~.'p-".r7 to know the ::olsr volun*33 

of r^:2*:tite,heriatito and ciy^orj at cnv cpoaified torjpor vture and prescuro» 

This nsesssitatca a fcioulodja of tho co:rp-.*3sr-5biiity arid ihomal expulsion 

crxsffioicnts fo^ tho t»,;o solids en-i plco an eouition of stfite fox* c^'^a 

v?iich *..oiild bo nil 5 treble for hijjh te:p2i-r:ty.rea £ind pricrrares. It is cbvioug 

thr.t tha i-tn^Tiituds of ths chc,*^ in t^-.o nolar volii::^s of tba t\» oolid 

pharos '.fill bo Vo*y nuc!j l^ce thwi ths oh,vi^ in th-3 i--&l*r volui^a of 0^ 

for a trrlt c^ai^o in prcs ure or t*32ipsrat\:ro» Thus in the o:-^-.-iv scion

^V « V^ - (V * V^), 1--e v-lni» of (Vq « V ) nrtf be or-r.r.VIored conetrjit
^ JL «  «? i

thrcu^^ut the terror -:turo nni j ^cc^ttre i»s v ."o cf int--»rort. In ot!^or \oi\'i 

tho oocrpros-ibillty eni tv.arv.3l expansion of tha £-as 0^ sre so rrach 

greater then tha 03r.ilar c-nst^ t*s fcr r-i^etita and hervatlto (iSlrch, 

19A2) thnt any change in the ru->lar voltes of the solids duo to increase 

in te.-p-rsturs a?vi ;r-0sfrj;*o> will be injlfpiificant rolativo to th5 ohan^0 

in the r-olar volino of Op. Thci^frre, *ho problfffl of evaluating ^V is 

reduced to the problem cf evaluating the r-olar vt>li2ri3 of 0^ it hir^h 

teisparatures and pressures*

Fcrtvmately the folloi-4-ng nodern ccipirical equation of etate for 

O at hi^h ppen cures a nd temperatures is available (Taylor, 1952)  
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Thie equation also io applicable to a number of gasee including fL and HO, 

The values of the isacond virial coefficient (b) and tho third, fourth and 

fifth virial coefficients (bo) are given in Tabl© 20 balow, (Tarlor, 1952),

°

H^O

Table 20

30.5

7.9

bc:r /role

57.75

26.13

Therefor?, ?.t \r.9 j.ostTible to detyrtiina tho r.-olar volu::? of 0^ at r^y 

hi^h terrparature ani proccuro by j?c-rromlns a ertiphieal ^al-vticn to the 

ebcvo equation*

Uiiiag 5«2 gzVcnr ca tho best density vslua for puxo rn,?.^notito ru"<*
 B*?

henatito the vol*ii!*K3 of na^notito is 44   5 sc 10 litor/.^ole and th* 

of heaatita 30.7 x 10~3 litir/zawlft. TUus tha dif ?srence (V - V ) is 

equal to 3.1 x 10""*5 litorrj. U'ith th* 'graphically obtained valvo of t 

nolar volr^i of ths 0^ and tha ftb?VB value of (V- - V.) (aGc-tc^-d ea 

corintrint at hinh temperature and preo^ura) the vrilua of ^V 1/13 

for a sorion of pro enures frc^i 1 to 7CDO atssosplieres for the thre* te^-' 

aturoe 600*, 1000* «nd 1600'K. These values of ^V un-e plotted 7or&ua 

pr<isafuro for these three ieotharas. The ai'ea under esch of these three
was

iaothsrnal ourvsa/jT^asured for the pressure intermls of 1-10, 1-100,



1-1000, 2^-2300, 1-5000 and 1^-7000 atmospheres. Thene area* i&ich were 

in units of li^er-atoosphorefl/Biale were converted to units of kilo- 

calorieg/iaole and were then added to the value of ^F.. (free energy 

incroaes at 1 atmosphere proosure) for the proper temperature. Inasmuch 

as ^V is a negative value the change in free energy increase vith increase 

in pressure is negative, oo that at higher pressures the ^F assunoa a 

higher ner:*\ti79 Value which singly indicates th&t tho equilibrium for the 

ri^7i-3tite-?iorntite reaction ia shifted to the ri^ht.

The AF data for total preocures of 10, 100, 1000, 2000, 5000, and 

7CK'0 atrioophercss, at t^pcraturop of 603% 1000% and 1600»K are lifjtad 

in Table 21» a? versus F is plotted for thoce tlirco isother;i3 in Figure 

!/,. It is apparent frc3^ tho figure that pressure has a vary p.i^ific^nt 

effect upon the vtluo of ^ F, "but that tho inf luer ja cf prors'iro is 

gjvat-ast in the interval fron 1-1000 afcnosphoros, after v£-.ich tho eiTect 

of prosmre bocr.r.^3 steadily lecn eigtjlficaitt, j T versus T Is plotted 

for the is=.b-?rs t 10, 100, 1000, 2>'X), 5-O^and 7000 it-oa?hcros in ri-\ro

Using the relationship ^F- * - ITTlnK as b?foa»3, the eqiiilibriui 

constants for the na^etite-J^natite reaction wre evaluatf.-d for tho 

higher pres euros. These values of Kn ope liotod 5n Table 21 at "Llis

Thfc lo«f K* versus

plotted in Figure 13 for the various isobars.

Thus by uolns Figures 12 and 13 it is possible to rtotersaino ro 

the free energy inorease (^»F) end equilibrium constant (K,) respootivaly, 

for the magnet it D-heratite reaction at any significant temperature and 

pressure.



Table 21. Thennodyranic end equilibrium data for tht 
magnetite-hematite reaction (270304 + ^02 ' 
3^*2^3) for selected high temperatures and 
pressures.

Total G*a 
pressure

10
10
10

200
100
100

1000
1000
1000

2000
2000
2000

50DO
50CO
5000

70TO
7000
7000

ata.
atm.
atra.

ata.
eta.
ata.

atm.
ata.
ate.

ate.
atn.
ata.

atn.
atm.
ate.

ata.
atm.
ata.

T°C

327
727

1327

327
727

1327

327
727
1327

327
727

1327

327
727
1327

327
727
1327

a?

?°K Kcal/mole

600
1000
1600

600
1000
1600

600
1000
3.600

600
1000
1600

600
ID-DO
16DO

600
1000
1600

-39.9
-23.0
-10.1

-43.3
-30.3
-13.9

-43.2
-33.3
-13.2

-44.0
-34.5
-19.9

-45.6
-36.6
-22.7

-46.5
-37.6
~2/*.0

V *Kl

3.67
1.35
2.17

1.22
£.26
7.90

6.13
1.92
3.07

1.22
3.67
5.21

4.95
1.00
1.23

3.00
1.73
1.92

x IQ!^
x 1G6
x 10

x IGp
x 106
x 10

x 1015
x 107
x 1Q2

J\ JU VJ

x 107
x 102

x 1C
x ID8
x 103

x 1Q17
x 103
x 103

log Kaa

14.52
6.n
1.33

15.00
6.61
1.90

15.70
7.25
2.48

16.05
7.55
2.71

16.63
3.00
3.10

17.00
3.21
3.28

p(o2)b
7.43
5.4S
2.90

6.71
5.52
2.19

2.62
2.71
1.45

6.71
7.43
5.03

4.07
1.00
3.33

1.00
3.34
3.70

x
x
X

X
X

x

X
X
x

X
x
X

X

X

X

X

X
X

ata. log p(02 )

10-30
10-13
10-3

10-31
10-H
icH-

10-32
10-15
10-5

10-33
30-16
10-6

10-34
}Q-l6

10-V

10-3*
1Q-17

10-7

-29.13
-12.26
- 2.54

-30.17
-13.26
- 3.66

-31.53
-14.57
- 4.34

-32.17
-35.13
- 5.30

-33.39
-16.00
- 6.03

-34.00
-16.43
- 6,43

RT

r.ll ^ressures.

e-ct Fe^O^ = 0.925 at : ?.27°C (Table 19) and unity at 327 and 727°C for 
all press-ores.



Or

-5

-15

-20
O
e

o
^:

-30

-35

-40

-45

-50

IOOO°K

600e K

0 1000 2000 3000 4000 5000 6000 7000

Total gas pressure in atm.

Fig. 14. Isotherms showing variation of free energy increase (AF) 
with pressure for the magnetite-hematite reaction



-asi-

of p(CL)

By using an activity coefficient of unity for hematite at all 

t*E§>eraturee &sd an activity coefficient as calculated by Darken and 

Gurry for magnetite (Table 19), at temperatures greater than UQO*C, and 

an activity coefficient of unity for magnetite for temperatures less than 

UOO»Cf and knowing the equilibrium constant for the aagaetite-hematite 

reaction it is possible to calculate p(02) for equilibrium at any tejaper- 

ature and pressure for the ma^netite-^iesatite reaction. This has been 

done for a series of temperatures at one atoospharo pressure, see Teble 

IS, In addition, tttilissing the hi$i temperature and pressure equilibrium 

constants as calculated in ths previous section^ the p(O^) for equilibrium 

in the ftagnetite~hematite re&ctioa hae been calculated for three 

atures {600°, 1000°, and 1600e£) fit total pressures of 10, 100, 

2000, 5000, 7000 atsospheres* These mlues are lisrtcxi in Table 21» In

Figure 16 the log p{00) versus il is plotted for the abora i»obare» It
* K

is clear from the figure that there i& a l&oe&r dependence of log p(02)

on sr - 60 that the log p(0_) increases with a decrease in i 1, e»* p(O 
K 2 UK z

increases with T, This of course is nerely & confiroatioQ of the empir 

ically established fact that the dissociation preesure of hestatite increaees 

vith temperature. The figure aleo sho\m that the ^Kjoilibritm p(02J 

decreaeee very rapidly vith increase in pressure at constant ta&perature, 

up to about 1000 ataaspheres, after vhich the change in p(02) with pressure 

is relatively saall* This is of course a reflection of the similar rela-* 

tion of AF to P (Figure M),

The unique aspect of Figure 169 is that it enables one to obtain
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a value for tha p(02) at any reasonable geologic preosure and for temper 

ature* which have not been amenable to experimental investigation ^Ifirpjl 

because of the lov equilibrium pCC^) at euoh temperature^ Thus the 

figure is suitable fcj* application to petrologic systems, v£ioreae tho 

available experimental ti ita havs be^n limited to low prs.iLn.ire en -1 hi:;]: 

temperature (slag) conditions,

In rt-iture the iron oxidos do not occur exclusiva of othi-r Gl^r.jnvC. 

Tit snivel is uru?lly nn ir^ortrj-it con^tltn^nt ai.d is tUctr-V.^ui in ir.ieh 

rrlne.rals ES iln^iutr;, rutilo, ulvcM^-in?! r.ni in rslid eoluti-n irith irc:i 

oriel;?* Of pr^ticrilar in*civc-t in *;os:y : ^tc;.;c,;;;^Ic f?t. * r:^t- ^v Me ro'/-':; 

are iln:nite an^ rutfle v!iich r-r' tv-i:tly ocn;r :ath :ui<j^t ?.t.: cr.i ! -- :-/';  

If the^s c-inoi'filc c.ystall* sod at cquillcrii:^ tlicn it io C^D. r --1. tt th,,^ 

nust b^ so:::e on-3 or r^roup of oh  T'o-'tl r-v^tic"..^ v^'nh « ?.!: : "r:'bj *- T'* r.-;rll- 

ibriun. 'Die ecniillbri^ t^tvc^n il^onlt^ a;-:i i^o iron G;:l'*-n r-v Vo 

eaqproaotxl by tyo aJs-ple cherilc-al r :."cticn~»

(1) ZTeTiO-, * So.   Fe0C> * 2TIO,, (iL-:^te^iCo-tito i«-cM A )
2 < e. 4. 3 2

(2) 3?oTiO 4 io » Frt 0, -> ;-;:iO (ii^-nitcv.iv.^atUa i:. .cii n)
3 *~ ii 3 ^'r ~

able for ilns^nite ond rutil© <rt, rcaa tcL^.o^alur^ end or.D £--:",?r,?,,;i-c 

preswirs. With these chta and tho anslorjovs data fcr hc^.vtitc, n.;:a2tltD 

and c:<yccn ^ «8 pC'S''iblo to c:.-.lculite ths froo energy in3ro:*s,D for v"; >a 

t-vo rxji».ction8 as -written above* The recvlts of these ealc-'liticna arts 

listed with the sara data for the r^osnstita-henvatite rpacti n in Title 22.



Table 22. Tbenaoclynanio data for iron and titanium oxide reactions 
at 25*C and one atnoephere pressure

magnetite-hematite I ilmenite-henat ite

^F Kc-J./i';ole 
iH K'c^l/nole

dtjiEl
JP

-.46.50 
-55.5 
-30.5

+30.5

-^6.90 
-55.5
-29. 53

+29.53

Urnonite-aagnetite

-4-6.4 
-55.5 
-29.36

+29.36

It IE obvious from tbo t^Mo that th<3 tbor^odyn^nic data for all the 

reactions at a tesp^ratura of 25°C r.nd 1 atr^cpVisre pr33rvjo ai^ csr 

tidily identical, I-'c.rhaps tiord iLpoi-t-^nt, tho entropy c^anr^a -^^ the 

&c~-& t thus Infllc^tinj that th>3 u? wiluss for the tLre^ reac'lc-ns vn.ll 

ctill bs tlia ea;r.o ex'sn £;t hij^her tcur.jcraturor,. The ccnclusicn ar::^jos 

fr^i" the i\\a-dar:ir:tr.l efp^tlcn :i:ich relates frco er.-irjjr to l;^p'r-,i^i:r;^

i. e.
CiA

(Glai;3ton'3 s 19/*6, p.231). Thus thj clop3 ox*

tho A F Vvircua T curve for each of tha throe reactions utll b2 et-out th2

It wic otatod prcvlcvgly that the sensitivity of ths cannot ifco-hC'r a 

tits re'sotica to frtf-ssraro is due to the influenza of ..rec.^ire on the £-.3 

pha3o fr'^i not on the r:ol5d pbnres. Thus it 03 as ro.- s<-;n-.:bTe to a .  --/M .--s 

that tho influence of ir^creacod pi-eEBUre on tho fi-ce energy increase for 

the two ili-isnit^ ro^.ctionjj will not be greatly different froa t^.o influ^r 

of proftrsui^ on the TTiO^notite-haEatito reaction. In

it seeins likely that
dP

is the 0oma for all 6f tha thrso
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reactions* Thus, in a rather qualitative uay it can be stated that the 

free energy increace for those three reactions will be about identical 

for all significant temperatures and iressuras. Likewise the value a of

equilibrium contents (^F « -RTlnK) for the throe reactions should be 

about the cana et any particular presc'jre and teJiperature.

The equilibrium c?nr-t.-_nts for the to throe relations riiy br-.- * pressed 

as bdlovs f

\ ° * \ "T
(act, ?o3o^r p(o2 )2

(act F^O ) C^ct j^°2._

(not t'CyO;.) (-".ct -i00 )^

"? ^ 2'

As dicouscc?d pre-/lonely tbo ccMvities of rsipietite and her«r.t5te in a 

system Involving no other- cri&ponor.ts vill he orrarxl to unity et n'-ct 

petroloflc t^r.perrituivg arid i.racmr'^* "'n an oj:3.d? cysten of iron and 

titanium thare can be cons'durable rolid solution botv^on r^i^nst-lte end 

ili2onite f ilnonite and her^atite, TJTJI liiiitcd eolid solution taU^-on ratile 

end ilnenite or hor-atitd (Chapter 6). Thus^ in such a cysten the nativ 

ities of tho siolid phi-afis vill deviate fros unity according to tho decree 

of solid solution. Inacuiucb as the da/p^ee of solid solution is chiefly 

a function of tenpemture, the- eotivitisr vill vary with teiaperature fc
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a consideration of the degree of aolid solution, by definition 

never greater than 50 per cent, it eeeras likely that the activity of any 

aolid phawe will never be leas than £,5 or £.6. Thus & brief calculation 

ehova that the value of the equilibrium Pfa?) as calculated froia the 

equilibrium constant and the nininum possible activities of tho solid 

phases will differ at very nost by a factor of 10 from the p(0 ) c,s 

calculated from ths equilibria constant and unit Fotivit5.es for tho 

gsolid phases* A factor of 10 is not too si&iificrint wlion tho v^.l\i3 of 

p(02) nay bo of the ardor of 10 ° to 10*" atrasp'tores.

Actually tho concept of eotivity r.?.koc it ooncoivr.bla that t::c p(0p) 

for the three reactions can l^e equal t;hsn the em^illbriiui concrta^.tc for 

the threo reactions ara not ^uita equal. Tha deviations of the r.cstivitioa 

of the 4x»litl rha-^s fro^i unity in affect coL-r:.3nr>at3 for a/^r rr-?ll differ 

ence in tho equilibi'iuts constants, so that it is oi:ti.roly fc.^lblo t'; .t 

tho p(0p) for Uia throo rer.oticns can bo idcntf c.tl f or .ir^y r-n'ticu3;»r

ra ?ni ternporature doeit-a sr^all d5J'fero,^c^3 bat--- n 4>!*-a v/Z' !  .-;-' -"i1

constants. That tho p(0 ) be idoatioal for tha reactions is

a necaonity if magnet its 9 her^titei ilrsenito end ratlle ar-s .ill to cicur 

together at ohoniesl equilibrium.

Tlierafore, it may be oonoludsd that thoi-rodync^iically it is jos.^ible 

and evon c:-^/_vl.'-d to flM thxt fill there solid phis^a cryctr.llirsd side 

by eicb. The eii-vr^etio treatr-ont ntibst rait i ate s tha idaa that ilj-.cno- 

nagnetitg, henoiTn-r.-nit-s, il^cnohcratitc, .tind rutile all could c^yst alii 7-0 

as a single para^cmesls under a single set of physical conditions. It 

ic enorretically unnecessary to postulate a variable i^>t of physical 

conditions to accoiint for this ixiragenesis. Had this thernodynoraic data
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indicated widely different stability relations 1. e., p(0 ), for the

eolid phases in these chenical reactions, then perhaps it would be 

necessary to postulate eevBral changing sets of physical conditions to 

account for such & cinaral

dy (l9/s£) has called attention to tha imoortaneo of the 

cor.?tltuonts aid the iron oxides of l^sous i*ce?cs» lie 

pracsntocl deta with ^/lich it is possible to co.loulata tlie partial 

pr^srara of 0^ in a rock r^lt with a particular ferric-ferrous Iron 

T:Htlo fo^ a particular ter^raturo* He points out that ths Op jjiv.r. 

r.li'O j.-u^t ^ in equilibrium \ilth t!ie volatilos in tha rsslt eni pr^i):.nt 

c?'»ta vf'ilc'j enable hin to calculate the partial prser-ura of H« v^ilch 

wo^-ild be in a^uilib:flu:i ^/ith K~0« 00 «iid a parti oriilar for !<?-?, :j* ou^
'w »w

ii-*on ratio at a giv&a tenpcrature end gas propETir« t Aa H^O Is csrtaiti 

tho Lost ia^rtont volatile constituent in the pr5.ncinsl potrologic 

sy0tcr.js th* sigyiific^nce of his cooputatlons are app.r^?»3nt»

The s r Ju3 cancrel tr--iituont rs enployed by Kenned/ isay ba uc£d 5ji 

tli-* caco of r^turorphic snd net'- s'.natlc rc-ilrs. I?ros tha d^ta for VAO 

Ka;-jr».2titc-hci:v\tite react ic^i it is possible to obtain the e-.tuilibriurs 

p(0 ) from ?!.7<3i»ft 16 for arx7 toj>ortaat tenirxirstura and ^r^pn^a. If
K*

t*:ere Is excess H00 la tha petrolcgio systeta (\i"ilch certainly r/jist be
<i

the case in almost any crystallising natanorphic or ^ota&doatio rook), 

it is necessary that for chemical equilibrium to bo maintalnod, the 

requisite p(02 ) for the Dfi^etite-hematite reaction miot be identical



vith the p(0 ) in equilibrlua with H 0 for the giv»n temperature and 

pressure* Thus if the equilibrium constant for the formation of H Of 

(2K2 + Op » 2H20 , hereafter the wator reaction),

p(K20)2
K a .   .       .H. . ...

P(H2 )2 p(02)

\,wa knc«n for significant tsr.porcturas end pressures it would be 

possible to cslcnlate the* p.-irtlal rro^:uro of Ho Z?0*>l7 *n equilibrium 

in B cyston of HJ), r.r.p:'/c.1t« end h.-.r-atits» In ntliiticn If the equil- 

.Ibrius: cr/.»nt.,?.r*t for tha ;:-iter r'-r.ctica v;;ro >2iown 1* */ould bo possible 

to evnJ?i?.t.o in a nuautitstlvo va;/ t?jo c;:idisi?ig or reducing offcyt that

H«0 wuld havo on a r-.* < ;.iot ttc-hor«stito tystc^ utwn c^r.ln^ to oou5.1ibr2 ^ * - ^

v/ith e--h a nrctc-"^, n-/.\5 it is critical to evaluate the C7dlil-ii 

constant for the viter rcisiicn for a r-aries of s

r and Olderibsrg (19V*) hava siq^erir^ntjilly deteiTiin^ the 

equilibrium constants for tha u^ter reaction for a series of 

frc~ 400* to 15?00K at a total prassurs of 1 ^tr.osfJ

data are pi-es.tr, tod in Table 23» The log K vornus * for 1 a
w T

us * 
T

ic plotted in Fig'.u-e 13» Utilizing the relationchip , 

tho vcltis r-t tha freo energy incrcaea for the reaction has been deter*

ininod and is listed in Table 23 end ulottsd versus T- in Figure 17*
u

Note hoy well the values of log K . and aF fall in straight linso.
" W W "

Utilising Duyor end Oldenberg's data and soos additional theraodynanic 

data it is p°CGibl« to evaluate the free energy increase and the equil-



O
 M

 
*-

* 
*

cu
*y

 
8 

§

sO

i*»
 

P P
 

c*
- "8 ta o a,

P

IW C
 

M

JO

vn
 v

n 
vn

 
rv>

 «
\>

O
 O

 O
 

b
 O

S
O

 O
 

p
 o

o
 o

 
o

 o
p

 
P

O
 

P
 

P
tf

t 
£

o
 o

 o
8

8
8

,^
 

p"-
 

p

o
 o

 c
 

o
 C

i 5
O

 
O

 
O

 
M

 
M

ct

»-
  
M

 M
 H

 H
* 

H
» 

H
»

,-J
 

iJ
 

rJ
33

vO
O

JS
 

K
)

H
 

M
 O

M

S
 Q

 2
 

Q
 x

 Q
 

^:'
 c

> 
c"'

 
l-

r C
: Q

 
Q

 Q
 o

 
o

 b
 o

 o
 o

 o
 o

 p
 o

O
O
O
 

0
(
5
5
 
O
O
O
 
O
O
O
 
O
O
O
 
O
O
O
O
O
O
O
O
O

^ 
5-

4-
^4

,4
,

^ 
K 

y
xQ

 f
v>

 Q
\

i 
t 

i
O

jL
jL

i
O

 
O

 
M

M
 v

n 
H

I 
I 

I 
I 

t 
I

\) ro

O
 
V

ft

fO

V*
)

JV
) 

JO
 V

-J)
i-4

 v
n 

t/>
£

»-*
 r

o 
GO

 v»
j

O
CO

ro
 ^

o 
ro

 
NO

 r
o

M
 

-C
 
M

 
-J

 
S

-*

vn

o
 o

 w
 

v*>
 o

 «v
>

o
 o

 o
 

o
 o

 o
3 *

^ 
?o

 r
jX

»>

V
O

 
M

 
C

?v

ro
 v

o 
vo

fO

1.
 &

 M
j

O
 O

 O
i*J

 ,
\>

 W
 

P
 X

u*>
 

01

O
N

vQ
 Q

 V
O

ca
 o

 v
.o

O
 
0
 
0
 

H
-*

 
A

J 
\0

vO
 >

- 
vn

V
O

 
^

O
O

O
Q

O
O

O
O

O
 

^
 H

J 
H

» 
H»

 H
» 

M
 r

v>
 v

o 
vn

 
M

M
^
v
n
-v

J
O

O
>

-s
J
 

&
i

vn
vn

a
o
o
 

o
o
c
>

O
N

 t
o

 H
-1 

O
^ 

*«
J 

r*
*

w
 

ro

vn ss

vn
 -

^3
 M

;o
 o

 v
n

1 
  

L
vn

 C
M

-"
 

^S
 v

n 
^1

1 
' 

4.
vn

 o
 oW

 
X

 
X

^ 
S^

o
 

o
 c

 o
j 

I. 
I

1 
l 

M
vn

 G
^ 

O

O ON
 0

*

G
^ 

0
N 

TO
 v

o
 >

. 
M

 v
n

 v
o

 
O

 >
>

 H
* 

O
 O

 K
> 

-x
3 

M

K
»

P
i s

 1 
'-i

'-
P

P
M

 
Q

 O
 O

l w
 

c3

I 
I 

I M
'sn

 <
j 

H
i 

i 
I 

I 
I 

I 
I

N
 0

s-
O

. v£
)

0
0
 

O
O

 £
0 

M
 

O
 £

  
V

U

^r 
o

g 
g 

ti 
P p

X o M o  o "o
" c

JO

 a
 *

i
^ 

fi
A

 
 

O
 

O W
 «

*
rC

T 
»

o
 A

 

« 
I

K
)

o "I (3 p,g o

9
 

P
' 

d
 

O

4.



-80

-1301 
400 500

 300 1400

Fig. \7. Isobars showing variation of variation of free energy (AF) 
with temperature for the water reaction
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ibrium constant for the water reaction at high pressures for the 

investigated series of temperatures.

i&tiS7. reaction, at hicfc pressures, &nd temperatures

As was the oane for the PiagiietH>-hei2atite reaction, in order to 

evaluate the free energy increase -and equilibrium constant for ths vnter 

re-etion ct hi^h pressure 3t is necessary to evaluate tho follotiing 

2io equation:

Lcre AF is tho froo emrry increase e.nd 

ho inter reaction. In ordar to evulvate
v

tha veluna increase for

for a cc-rioo of te:-;;-?

and pressures it is nc-cossary to know tha nolar volunes of K,., 

O^ *jnd If-O at thec3 tenjDaraturss end j^posmrros* Fortunstc!lyf tho £;-ei

vol-m of H^O has been exporirentslly dotornincjd by r:;-n?i>;ly (19>0) fo: 

t«=r^p--ratures Up to 1000*0 and jsi-oscurcB up to 25CO Vr»rs» In ^-i^iticn 

by utilising ths equation of stato us giv:=a Ly 7*y

K2

<V b o
IX'^T V y2 y, y

it is a siispla r^ttor to graphically detcr.iino tho r.olr-r vo
^

an-1 02 at high pros^a»ss end tei-'p-eraturss. The first and e:oo:id vii-lr.1 

C'ccffic-Jo.ats, b, b0 ivrp3ctivelyf are givc-n In Tchle 20. Tims it ie 

poc^Vole to ovalir.te ths voli^:^ increase aVw for tho watar reaction f^ 

cny th;K;xsre.turc0 -jp to 10CK) 9 C and cny prsccurea up to 2500 bars. 

Ac for tho r^ignetite-hesatite rescticn tho equation

?. * / -VdP 1 1J

applies to tha vator reaction; where £Fp ie the frei3 energy increase
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at the pressure PI -F, is the free energy inoreaae at one atnosphererr
pressure and I aVd? is the difference in the free energy increase 

for the two pressures, 1 and P, for the temperature T, Therefore, by- 

plotting -aV versus P for a g^cup of tesparaturee and measuring the ar^-s. 

under- those isotherm, tho integral rrsy be evaluated and by adding this 

vnlus to the appropriate al\ , the free energy increase my ba 

daterrJLrec! for eny precraro, P, for tha temperature of the specific 

Isothorru The ^V data hava be-: a calcislatod arid plotted vereus P fo? 

the 700% 1000° and X203 a K icstiioiTtf. By a series of ap.-i-oxlsations 

e-r«.fsh of thoco itoth^Kia lias been dotei-piinod for the 

cDi"ir-2S 10, 100, 1000, and ^O-'X) atmosphere»  Thus, tae froo eriorry 

inorc-rice for tho water r'-act ion vas dsteminod for the&a three tenpcr  

sturco ct the four indicated preasiires. T!vss'3 vali^a of the frco er.2rc-y 

ars listed In Table 23 nnd plotted varoua P for tha threo 

.In Fi^'ira 15» The i^fv^t GG in tha r-irn^trito^'ci^tit?) rccct'c

iiitira In the frss er^rgy inc»i»eaca is vary d-irkcd in tr.e 

pressure 3ntoi*val :!Vo2 1-1CX>3 atr.^oop?.-2iM?» Above this pressure the 

coxiprcuribilitiGr of the £;i ;:3s becoaes co large thnt the precswre effect 

is ooriSid^rahly loos. The cur-\rcn h/ava teen extrapolated to 5000 GtEoo- 

erec in C'i*:!-:;r to cive en eppi^oxl'/ate vj lua of JP at that pr®s:*ur«j* ^F 

vorfTiis ? { for tho isobavo 10 # 100, 1000, f.nd 2iXK) atir-osphores, are 

plotted ir* FicD-re 17* As in the cnsa of experimental dnta (l atmosphere 

ipobar), tliaro is o linoai* deporsdence of ^F on tenpcrature, in addition 

the elopes of the isobars greater than ona atmosphere ^re not rush 

different fros the slope of tho espa rinentally determined curve of 

Buyer snd Gldenberg



Using the ^F data as calculated for high tenperature and pressure 

.8 a simple matter to calculate the equilibrium constant for the water 

ition by utilizing the following expression, AF » -KTlnKy. This

been done and the values of K^ for the three temperatures 700%
<

)% and 1200*K and for the pressures 10f 100, 1000, 2000, and 5000 

>spheres are listed in Tcble 23, along with the experimental values 

C for 1 atmosphere pressure. The values of log K are plotted versus
^w Tfj

*or the sano isobars in Figure 13* For all isobars there Is the

>oted linear dependence of log JL, on m   In general the slopes of the* A K 
mlated isobars are not too different from the slopes of the experi-

tally determined 1 atmosphere isobar. Figure 13 may be used to give 

equilibrium constant for the wator reaction for cny significant 

rologie temperature and pressure.

aulation of p{02) for the prftor, reaotiofi

ULth the equilibrium constant for the water reaction it Is possible 

oaloulate the p(02) in equilibrium with pure H20 for any significant 

perature and pressure* A sample calculation is given below.

Let a

2a » p(H2)

P « total volatile pressure 

- 2a
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Therefore, K   (P - 2a)2 - (P - 2a)2 

(2a)2 (a) 4a3

acsuna 2a is nuch leoa than P (very little 1^0 is actually dissociated), 

than
a * P

Tiina the equilibrium p/irt'*r.l pressure of Q£ for the utitcr reaction is 

directly promotional to the* tuo thirds po!-.-or of the f ^t^l wi'tyr r.c^i:;;i:ra 

aT"d inversely prapsytional to the ons third povor of tho equilltrriua 

coi3-?t-2jit» l-cing the aTrova t;othod the ooulli>,rii*n partial pr-3c itrcs of 

C'2 for t!.s ^*itt,r reaction hive been cslcnlat^ anl firo listed in "able 23?

in addition tho log ]^(C0 ) has been plotted versus « in rl^iu/a 26« -"ha
^ T S 

g*\iph r!iO\/3 that ro^ardloos of tha totnl \:at^r prosstiyc in the ^Tkt--:!i

tho e^uilitrixra p(02) for the tntor r-?r/V: ion :x^elna v- ry n- ^.ily ^.3 

ac;r^e for any given tempera lure* The gi^at^st rangc» of lo^ p(02 ) is

fros -15.3 at 5000 atmoephoroB to -13,5 at 1 ?tnor,i3hci-G for ^ « 1.75 «*K
At hirlior toriporatitres the lor p(0^,) isobars r.otually cro^s in the rt-^lcnw *i

of i  > 1.0, i. e., 10CK5*K, eo thrt atova 1000* K tho -(0 ) io ^-er-tar
A K ^ 

for tha hifihor tobnl \ntor j rsscur^, but below this t^r,;oral.:C^ tlio

p(0 ) is actually ?.e,?3 for ^h ^ higher total vntor rreB,Lnuvs, This IM!U- 

tionship is explained Is? th^ f^ct that p(02 ) is a function of th© o 

rlixn constant vhichj, as wns previously shown f ie itself e ftmction of 

tenporatiira and pressure! GO in effect tha change in th$ Valua of K 

cancels out the effect that increased total water presmire has on the
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value of p(02)» Thuef ^gardleaa of total preaaure the p(02) ia about 

the same for any given temperature. A plot of log K^ versus log P* for 

any iaothem gives an aJtoost straight line. This quantitatively sub-

stantiatea the statement that the change in K. vith Increaaed total
\ 

water pressure essentially cancels out the effect of the increased

pressure on the value of pfO), according to the equation

P(o2)

In evaluating the p(0«) for the water reaction Kennedy (1948) ignored the 

fact that the equilibrium constant (O varied vith the total water 

pressure, thus his values of p(CU) for hif$i pressures are consistently 

greater than for low pressures* Thus by calculating K for high praeeuree, 

it has been possible to arrive at a much more reliable figure for the 

p(0g) in equilibrium vith pure water for the high pressure range*

Influence of other volatUes on the water, reaction

In order to apply the water reaction data in petrologie problems it 

is necessary to consider the influence that other substances, particularly 

volatile*, will have on the water equilibrium. To evaluate such effects 

requires not only a knowledge of ell the thenacdynamio and chemical 

equilibrium data for these other gases, but also it is necessary to know 

in what kinds of molecules and ions these gases exist* Obviously, these 

data are lacking for gases at such high temperatures *nd pressures} 

therefore no attempt is Bade to quantitatively evaluate the effects of 

other gases* Hovwver, these gases all of which would be involved in
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oxidatloa-reduotion reactions will cause the equilibrium p(0 ) in such 

a "real" oyetess to be different froza i&at it vould ba in a pure "ideal" 

vatar system as has been oonoiderod here.

Hoy that the equilibrium coriDbfxnto for the water a^i tho r^>"it>tite«

ito ro".o-l"ns h-va boon cv^.l^.tcd for a group of pr-trolorfc^lly 

ant ter.rxsratvrtJG end p"^?n:n.ires, it is ^^r.iblo to 'Mr: yea in a

qurntltuiuiva. f -r.e^ion the v.iricuc cc.pvcts -fa oystoni <rr.eietti':2 of 

netite snd he;.:atit3 at those tei:ij«r:»1 V;i*e3 and proo^u^os.

?or put'pooap of clicous^lcn lot uo luigfris cis if.l?.V-d a ^'i^r cr/et 

and a nasi^2ti*e«-!wnitite sg/cto^i colh at t'ij o-ir^ r^ciofvn-:^ ^.nl t:.-/-&rr:tt" 

and both at c^:c"-"ical oqidlibriun, it in olrar frrjra ri^iri-o 16 -M^t for 

fijiy to   };) *; '-tn^ boloy about lp!>D°K, r,: t ;i ^Jle:?s of the tot-il pve^pure^ 

th'3 part^l pr«'ss'-ire of 0^ in cqu.i 1*1 1*1^-1 vilh a puro vatcr .vslea 

is conaidf?j^bly greitoj* than tv,it i:i ecuilik/'Iiii idtb a I/JUM rsa£M3tito« 

hemtivO tryctor.. Hor.ce, below 1D30°K thora exists a di&^qullibrirja 

^t'.-s?on ths vwtor raaottica and tho ijasRetitc-hwvitita reaoi-ion^ &o that 

if thg tvo "irylite'I" oystens are crcibinod ad:j ? cioit^l oxidation of 

r;?.rnetito w.ill take plr:C3 until tho p(0 ) in e^ailibriin with HO drops

to £*i idejitlo^l valtw for that in oquilibriin td.th Eagnotlte and herm 

As wator cc«i3o to chondoal oquilibriun vdth nia^netltc-her.x'itiud by thlc 

utilisation of ©oroa of the esesocs Og throu/^i tlie oxidation of ma petite 

additional H is forced; so that ftt eqxiilibriiin at the lowar pCO)* the
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la considerably greater than for a pure water eyrten. Thus, if a 

contains sia^aetite and hematite and if it is as mined that equilibrium 

established between these Iron oxides and the water in the system at 

givon temperature and pressure ^Slowing fros Figure 16 the equilibrium

for the re;?ietits-h0naiits reaction^ it is possible to c-lculats 

the requisite p(H~) in ordor that H^O could exist In che.':iic"l equilibrium 

vith the tv£> iron oxides* By usiriS the apprcprl'-.to valtiss of p(O^) fcr 

the r^rpsiite-hematito equilibrium (rMguro 16) r>:id the expropriate vsluas 

of the equilibrium conot-mt for the inter re act ion $ the r:-cnrla5.to ;>(Hp) 

for chemical equilibrium in a wat^i--ro^4etito«ho.T.c,tit9 svstr.r. h:.3 V,:;n 

dstsmin-^d, lliosa valtios ai*a listed in Table 21.,% :i.nd lo^ pC^U) is T.^.cttod 

vt-r-r:u3 ^ for the viirioug ic-b.ii-3 in Figure 1^. In ad-Htion t!:3 o-^iiHb-

in " S*^r3 lS fc It is obvicus that tho pO?0 ) is consictjr^My *;:^.itor .f^r

./ - * ^ '. rc*. l *OX***» v.^  '» rf .^ *T*i, t»'^- **i To* i- v -i. t^ <^r v.* Ci i*i J .!»-j. t >i. U- *.A.ri !>-* * tJ« -*  w *i» «TJ JL '*,j± C -' -^ v^* ̂  c^ v. , \i ~~s .*. *~* &. +

equilibrium, rrcn ri^ii^ 15 it is pc:s-IMo to o!.t-iin an ? :>>. *" 'I;^t3 

v^lua of the p(H2)(for a particular tcn^ratiisre and prea&vii^) rfiich j?isb 

liavB elated in a p>trolof;ic ,'.vstea in which \-f.z~>*v 9 rji^rutita r-id IiO!.'.-i 

vors at chontcal equllibrlun, Tlwa, if it is pccsible to e.ctlr.^te Lli3

r^trj^orphio or raetaoor^tio roc-: cryr»tRllisjd, it is possible to d^tor/.',n3 

tho oquilibriua p(02) (?i^re 16) rnd p(H2 ) (ri-iirc IB) for ths

At te*:poratures nbova about 1300°K it ia clear fron Fi{ra3fa 16 th^t 

the equilibrium p(^2^ ^or ^Q rsSiiettta-hocatite raaotion is greator th.ia 

that for tho water reaction. Under such conditions the p(K2 ) in equilib-



-199-

Table 24. Equilibrium p(Ha) for a pur« H;jO ayatoa and a 
R20-magnetite-heraatite system for aaloeted 
temperatures and pressures.

Totil Gr.8
Krcs'.-uro

1
1
1
1

ICO
100
100
103

li.^0
ii'oo
1000
l6:0

,.,-v^^

-Cw « «/

2?>0
2COO
2000

am.
ata.
atn.
G 4--IT1 

v--»

&tn.
atn.
atn.
atn.

at-.
itn.
at'i.
at-.

£lr».
atn.
at~i.
atn.

-s 20 Magr!O 
Pure H20 System r.srrAtita

rr°c

427
600
727
927

427
600
727
927

427
600
727
927

iZ?
600
727
927

TOR p(K2 ) atn.

700
873

liOO
1200

700
873

1000
1200

700
873

1000
1200

'AX)

873
1000
1200

x.n;
\M
2.b

?.r.
i!i
2.2
6.4

2.2
1.0
3*0
1.1

l.A
9.0
2.8
1.1

, acrll
^^*fc JL^y

',xlO-^
'Y! (Y*

:10-11

xlO-^
/v»*7

xLO"6

xlO-11
xlO"8
xlO-7
xlO-5

vlO*"
 »-! p~"^

xlO""7
>:10-5

log p(H2)

-10
  7
- 6
  5

-10
  7
- 6
- 5

-10
- 8
- 6
  4

-10
  6
- 6
- 4

.40

.35

.61

.17

.49

.96

.66

.18

.66

.00

.52

.96

.35

.05

.55

.96

p(H2) atn.

2
2
3 »̂

1
2
3
3

/
1
2
4

/~>

3

.10x10-5

.27x10-5

.14x10-5

.52x10-5

.7 xlG-4
[2 xKrf
.4 xlO""^
.7 xlO~^

.5 xlG-4
1 **»1 ^mm ̂  

J^j \^

.2 xlO-3

.0 -JO-3

,0 xlG"*^
.5 :ao-3
.6 xlO"3
,3 xlG"3

tito-
Syntea

log p(K2 )

-4.
-4.
-4.
~4.

-3.
-3.
-3.
-3.

* ",? 
-2.
-2.
-2.

-."^.< ' .
-2.
 *2.

o   *»  

63
64
50

77
66
47
43

35
96
66
40

40
s!2
43
20



CVJ

X

water 
reaction

2.0 1.5 1.0 0.5 0

l/Tk X I0~ 3

Fig. !8. Isobars showing variation of the equilibrium p(H 2) with 
temperature for the water reaction and fora water-magnetite- 

hematite system
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In Chapter 11 on the origin of the Edison unit and which were based on 

other observations*

Tho drtta presented in Figure 16 provids an ecrcollent basis for ex

plaining the origin of the vMq-jrltc.ua uartits in tbe r:i:-r! ^r.aisG cu*~ 

unit. Jf, eg before, it is e.cfA^od th::t the ru£.i3ftito-i--ri"cry iKruiti 

parfiSGKseis io en equilibria:! osconl'la^a find that H^Q, !Io and 62 inr

ell in equilibrium t*lth th-^ns odcTo.^, th© origin ox itr.rtittf con ba 

explained as fcllovs* As the system ooolod fron tho equilibrium tei: 

ture f estimated to be SOO'G, it is ol-vlous fros Figure 16 th-.t a dieer^ii 

briuii is established >*uch th;it tr?r-3 is r*o3:coi*s n 0^ In _tha j:/j-rioj, civ2 t 

I: 00 dl;:;.c,rl^t 5.021, roliti-vs to th-3 a'lomit of Cs nrccos^ry for equilibrium 

b3tt^^n r^nstite and l.c^tito. This dliMquilibrin; is o-v-?-l b/ the

fact tb-t th3 slow of th- lo- p(C2 ) c^-;?. i «^i;v/-?:-*A ir-Vj.-vo Tor
X K 

ths v.:it3r rcacrtlcn a^ oon^lcl-jraMv 1^-- thai tho Ftlorip of t!\> UA^-v^rlan

ieobars of ths i^jji-^titc-be'^til-j i*:-.,cL*f-n (jM^rra 16) » In oih^r WDrds 

ths oquilibriivu p(C0 ) dc^r^ar^o nciv ra^i-U^ ;j;.vh e}^r^^3 In tenparaou^s
* rf*»

for tha ns^stite-!ic. -tito renoti^n th^i for ;.he ».-it:-.r rc.?i3ticn, Ksncs,

if oquilibrliic is r::-*ntrdr;.?i b-l^on tl«5 iron cxi^s r. :d M.O, Oo and H^ * <c * 2 <

during the coollnj r-ro6C;"3| it is r:e ess Gary thst Boris of v!-:- ."I'.r.T^'tits 

1-3 ccntirpJially o;-dL(l*3^d by thia nexces3° Op^ fiud there ^culd bs a contin- 

linl formation of hcr.r.tit© at tha errpon^a of r^^otite. Zn this inter 

pretation eesGOiidary h&i^atito or rortito 5s regarded as a rstrog^aSo 

cinoralf as it has oi'l^inated during tho cooling proccs? of th? rook in 

raerponso to chenging pliyslcal conditions*
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Ths virtual absence of martlte in e£Us*r the quart z-K-feldspar gneiss 

or the biotite-quarts-foldspar &\olaa is further evidence of their very 

low p(00 }« It nay be concluded that throughout the cooling process of 

thasa rocks the p(0 ) of the system «jaa always lov enough th^t the iron

psra£3neeJs vss represented by points within the magnetite fiold 

(ri'jurfi 16) i. <*., bolow tho r«niviricat isobars. The very &r~2ll propor 

tion of r -;rtito ia r^ro tar-nloe of ths quart s-JC-feldtrpsr ^iioips indicctes 

thr.t .ir. tr.r.0 places t^s p(02) did ra ;ch a value i^iiah ccrr^spcndsd to a 

point on 0113 of the nnlvaric^t ioolioro. With rsgni^I to euch Kwiples it 

ie cc-iclirJlvd that because of the loss rapid decrease of ?(0o) for tha 

vritei* v-^',ctlo:.i thc-rs v^s? a point in t-ho cooling history of thcsa ccraplee 

*acn tbc pfO^) bcjarB equnl to tha equilibrium p(O^) for tha rc^.v.-tite- 

h^n.'-itit.o ro'-^tion^ i* o* t the ^{O^) isobars for the w&tos1 :v;f. c :,lc-n inter- 

£:,s olod l!ic.72 for tho ri.^r-nt.*tc-heriatite rosctloti, and with furt--'«or cooling

It <s v-iy ...^iiiic--,:;i th-ifc ^ i^'ta is li^r^ 

cucunit ci^d cl,:-^it In f,^jaccr:t : -riploa of t!:o qur,^-«J:-foldy;/ir gn^ln?* 

A'joonliiig to tho ir/xtriv." Jtation that ii^rtits i;i a i-jtro^vac^ Plnor.-.l ?.nd 

rcc-^-ii^ing tho siciiif ioa;i03 of the i nivsrl«nt ic^l-.^rg of Fi^uro 16, this 

cc-nt^ot relationship irdiettes one or r-ore of tho following conclusion/;: 

(I/ *./.". t t*i3 o-niilibrii'n tc:'£jK3raturo of tha qi:Grt,>!I-feldcpar rjn-'rias *»;as 

ocnsiaor^.M;/ hir;hor thsn that of t*;3 nix^d pneiss jsuUmit, (2) that tha 

p(C0) in ths qi:nrt^-.*^fcld3p£.r gnoics was jauch less than in the nixad 

tr>o5cs subunit, (3) t*: t th3 total fjr.s prsesuro in tho quai'ts-^-foldspar 

C^siss uas eaiuswI'Lit lo-.;?r t; an that in tha mixad gnoigo puVaait^ or that 

ths gas conposition differed radically in tho two rocks f or (4.) that tha
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quart a-E-feldspar gneiss forrood at a sosavhst different tin* th&n the

£nei8» cubuait and under nuit-e different physical conditions, e,g. f

This discussion giv^e eona Indication of the additional understand 

ing of the rrtrr^cr^sic vriSc^ detailed r»t^31os of the iron oxide paragenesis

rrcy offer. In particular ruch r.ti>diec r.^y reveal a CT^nt deal about the 

nature of tha vslr.r,ile3 involved in j>3li-c^or.?r:5.n» rr.-i* ex^rvle, it may ba 

posciblo to estimate t>;a actual volvr.c o t- r:r/l8 per c-":"it of H20 vtiicb 

in a potrolo^ic eycten by rl«?tor;:'ln.f n2 tba e:iCt\nt of raortito

:d dn;"in:; the cool

3 o:'.5.e^iticn of ilr^niho yith tks ^'O^aot'cn el ^ottlel

Ae tti&eus'sc.d in e. pL-c-vic:-; r*o^5.:.*Tj t'o r-j^etlr-s <ir; -:. ?a to bs thorns  

dv^«nically cyiivilcnt to t^ia ua^^tiV^vii-vilite ra./s'loa. This fact 

plu^ the vary obv-loua f^:oo-'l-.r;* n?'!jj^ of tbs t.-oratitc-rutile ac;Tegstss 

in oxidise1 -! 5.1*"onito ii^'^ot^ t:-\.t the r-.-idr.Mon prooc-ss is analogous to

the G^"i-ir.tion of ilr:e*nite is a 2*ctrc£rad3 proosos in r£»p5n*-3 to th-3 

ch£in^*p.^ pliy:-!"-?! conclHicna duivin^ cooling. IIo* t3v;r > it rc-na'lns to bs 

explained x?hy r^rtita Iss present in s**s rcol:s 5 cxi-ii-s^d il^enits in 

others> ar*d In scare roc>rs both ere pr?s^nt» For e?c-H".pla, in the biotite- 

quarts-foldspar gnoig-s the ilr^enita tablets vithln uic'istits ar« often
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partially altered to henatite and nitila, but thd host magnetite ie pot 

filtered to Eartite. This relationship indicates that i}jr«enite i« oxidized 

at a lowsr p(02) than magnetite* In other words a hypothetical univariant 

loobar for ths csddatlcn of ilr,3nite \»uld lie bslow that for ths na^nstit 

hsrsatite reaction in Figure 16 (for the ter^orutura an-3 nro^srjra of for~ 

cation of ths biotite-qi^,rtn-feld-^ar er.ulen). On tha other hand in the 

r-ixad c^-^^s sul.-'.^nit la^stlts 5s r,l^i\ys pisrt'cAly altered to cartite^ 

"kvfc ilr-onita ray or r:^y net l?o cltci-od. Tnlo relationship ?Jiiicate3 that 

a higher pCOg) is Ji->-!od to oxldi^J il;~snits tLr.a tD cxidi^s r^gsrstitg, 

This is r^ctflealy o^>oc .it^ to t!*-? co.ivlr.:!or.3 raach^d fr-^'i ^o obccrv>- 

tions x-i^cb en tha blowit:-.*i:aro::~fci'!::pfir £-:ajir^. Ir,?.ff.^.rh as the twa 

oxidation ra-^tlovjS £^3 tl:o:*.v>:^cr.- locHy ro P5.-iliir (Chii'tar 9), it is

pD32iblo thnt very t^-.ll oh'^cs In the catur.1 oolldCj :^-^ as solid 

s^lutfoi, stzn:o'Gi;ral ch.^^r:i. oto», or ^n the- ;?^vrolojlo Bystan iil^ht 

M suffiftiont to ;;h5.f1i i'ir/;i or:3 reaction to th2 ot-?;or. In otl;:*r u;^.>5, 

b-sf5;iuc3 of Hie *3*?.c:. ->.:??- r£z L-'-.:xl\r-:LtL5:-7 t?.-3 v-ii-v-U-.nfc ;l^;-b u» iVr V.:-a 

oxidation of ilinenito i.-.^t Tig v.:// r -cce to ->';.-? t ;i'.V;: r5.^nt isobars for

t!i» idc?l c-;c-& Viich vag aarui^cd In the thar;*o:^r»an!e treat^nt could 

e a tin 3 tf-5£3 uurv«s to eJo-'^'S relative position; so thr.t in ccrs

r.-i^.iTitito v^iild bs ::::»r.a c-i-dily c:-;idisod ani In othor aoD^a il 

V-aild bo nove r^^dil cxlairei*

£l&'-«ii:.^^ 2? 1111^^'^iSP £S ^^ili^lis
i^'Jli ^oS'AG^fjG JKOlfAr-n) TITANIUM dxirti

The simlest exlanation for th9 DV'the of non-nagnctio iron
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titanium oxides vith magnetite is that of the simultaneous cry0talli- 

sation of magnetite vith the respective BOlid solution of the non-magnetic 

oxide* Hovavor, the norphologio relularity of those intergrowt.hs and the 

absolute absence of any jrreiffilar intargrcvths of non-na^netie o;cldes vith 

ri2£r?st5ta e^c.:;^ -t that a less raftdoa process thnn simultaneous cryctalli 

gation nicy be responsible for tha iiit^rgrcwlbs*

Rardohr (1939) pCistvaTisd that Intel-growths cf isai?rjtito irfth 

heravit^-ili'.snito wra caurcd by t*.:e i-c^i'otion cf lonros of borr.tito 

to r-agnstite. In the light of tho na^potitcWiG^atlto univrir'cjnt ic-obars 

in Figaro 16 and the Interpretation of riartits prei?c-nted in a prucodlns 

isesctirsn, r.r^rlcla^s hypothesis nppc-ars inspplicsbls to tin inior£ 

of rr^rnstito \rlth non-r,.i[;n2tic cxJ.d^a doocribad hero. Specific .i 

tra ripplJc.-lion of Ma hv^oinc jis recxrlres that tl'* j;3t?o!cv;io srvat

Tjilaly cbansos fro-a o;-!idatlon to reduction condit5or.*» A;>pl;/

C3 Of* r -.r<'"".~*~'^-'^S *1 O^: ' rr Of r W.v>-»~t v <_ ?. * - (|\ l^t.!?!

ccx?15m? fro*i Initirl e'V-ulf.l-rl..;.^ tv*:.;x r.it-; ra v/ith prs>-

duc-tlon of r.nrtit*!, (3) eK50,l';tion of !s r^lite~xl -.--lit? ftolld solution

t.'it/i *\w]ftij<.rA* pr'O'.Ti'JC vio.i r*r r-.\r'ti.t3 r ""-r-,*^ 'j*il3 cc-"3/.n^ ij.'i,'--^*i.*vT:l, (p*"^"»

ccnr^'-s 2 nrKi 3 T"< i'*~-'ij'! "^'1/' ^^* "^ ~~^"^c*3 'uhi'^'u-'**io''it -^^ '." ;?i'"' t~ h^"'i'''''iZ''''i'l'ir*''3 i-'ots** 

v^ii./   \*<^y -! *-- tXV'--» «-^O.iu O4. t^'/'V t ''\T-D»u^> LV>^r^''«- 3 J-H. i*C.^v*w *  v^-"***'^'A- - "#i-kW^ g^l»<j0]t"'~*~i. Ov ;'^4*Sr y m r g   >^

*O ^ O ̂ ^il " ^^ c*^i~- '--3^*15 "G 5 u " t' ^  ' '"* o v ^v. '"tl^" * C'^'* v* S *^ 'i^^OX *1*"^ ^If^l* ^O T >^"Oi '^.^ ** V* * ^*f"1 ^ Ir*'" »' *

tite Airing file pi-ooo^, (5) retiirji to ths d^velopi-iDnt of rnr ; ,i\>^ as 

indicated b/ the iT.p^tizsd nat.iro of tha ragnatite tablets iiitorgrown vith
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the Iienatite-ilnonite, Hanoe, to *p;ly Easdohr'a hypothesis requires a 

change from oxidation oonditiono (processes 1, 2, and 3) to reduction con 

ditions (process 4) arjd back again to oxidation conditions (process 5)»

In terra of the niS^netite-heEatito univariant irsobcra in Figure 16 such 

a caries of change a 120 an that the petrologio 0vr.-l.nn alternately changed 

fro.-! pofiitioas abova ths univariant isobars (production of nartito) to 

;j/jf'.ticn3 tolow the u?i5. variant isobars (production of i^agnstitr), Vc~-*y 

tmll chan^os in the p(0«) oauld caupe r.nch shifts in oquilibrixTO* Hou- 

cvsr f as tbsro is no in ioj^iiJhat ovidenca i^sich indlcatos that tbe rotro  

loj:Ic cj-73tcn dovictad frc:-i tl'.a appropriafco ni£;notito-h-?rxitito vrilvrj^iont 

is^sr during th-a cntiro history of ths rook, IUcn-Io? ir * B bypr-thoBia is 

dit>count«?d c fj ro.^iiring too r.aiiy ooinoidontsl ev'Viitn}. Th& fa«?t that the 

i:.:mAcac:y of '..'.13 iut.?rjrowa narrrotito (flat tablets -iiioh c,dv -i5. ftcra^s 

ths or/oir^ fj'^in f Matos 13, 15, 1^, 17) differs fi-oia that of the h^r-~ 

t^.t3 bod::03 (trick Ion 5 .a 0> ?1^3 13, H) is ind^^>ndaat ev£.:b.i.:-3 t'^it 

tho fcrr.:;-r v:ro not produced frcvi the litter. r!r-?ca, ^/;    I:!w f ti? i /.».:':h r rls

ticiu ao oV^va rrJia th^ h^otl.o.'.-is of l i v.;'~rlj i 'U.:-no c-::» 

2-clut io:i of stQ oricinal rr^-lid poluti-,n of yogOo^oI'iOo to ra^tite rsni 

ro.ti35 r^ro tenable. It via noted (X^l-la 22) that Ihs thcr:ix^..:r.ic 

ccii^t^n^j fc^ tho diCJ.Ti5.oal r^aotiDiis Involving th'o Iroa t.id ttta^i 

f>xlc33 cr.? v.-i-/ e-:"lHr) bSiic-9, tha C.roa onsr^ increase in sucb a 

rc-r.ction r-.ij.

Fo-Cj * FeTiOj a Fe^O, * TiO^

for any tsnjxsraturs and jTO?;srjro would U* vary eotlJ.. Xrt other

uiider irvost physical conditions tha relativa et abilities of a heicititc-
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ilraenite aesenblace is about equivalent to that cxf a znagnetite-rutila

Thus, only esall ohoDgos in tha physical conditions wmld 

one asssnblags to forza at tha e/^oncs of the other* Frosi thecja oon-

oicU: rations it is propocad that in -the ntx^d pneiss eiihunit eolid solutions 

of Fc^CS'FsA'iC'^ usually ex'.olvo-l as Le:r.itite e:-n ilzi-:nite, but that la eoir* 

ciir-^c ths phyaio'-l '.r-.x-cta r-i' th& r;",trclc£ie ^rcte2r» V3i*a eucsh that a r:a

and b3nc3 tho solid {solution of F eyrolvad to ranotite end
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CKAPTER 11 

OPJGIK OF THE EDISOli UNIT

Ths origin of rv^i/ cf ths :-re«-C?ir.arl«in iool:e in the ro~io:i i- ^ 

quo stir a, nowivor, th-a bulk of the £nelcr.;>c h tvs pro.'.rrtiss vMe'.i cr< 

ruieh nor3 difficult to interprat tnd tV^ir origin io r.-: ch j ere In c :'-f' 

tha Fr-jirfclin r-rble ne.:r l0:-i is clc-irl cf r\ ':,«-:or ei-nrip

not o^y a fi!ll

o rorrc -uo

or ho:"Vlv.:ndo ;;:*.-: 

r^ ihn j--Vfcci*, r -. 

o

b.:e3 cov^t^c! to the or-i^:. v'.:.".-'i.-.-n of :* ?  . v:b/c.lV3 c';

r. (^rjr,"*- r^^: ;-«-,£«v (f.Vff £/»   -. !  »  -1^) ^ rj  ' >-» '. "I'-^l
*-* .^« - * * ^    »J * V- ^s- * ^ ^-> *""*V ' * ""*' *** ^ * - * *   * * . I -*  *» ^ , *A -.-   .  *-  ---'*.*

:tl^r*3 aro c";v^*orl -vo th^ I^t-rr-rit^tio;! of th3-:o cln'^a in an effort to 

l  *.*!! tV.D n-it^i-e of tl:^ ori--f.n cf tlio ^ ui^on -,ivi5.t, rnd i^^tsi r.s^;-tit

».-» ,,.,,-« v.. ;.t t 4-  >   * 
r ' i £ j. u c i.

.^ th^re ID p-racll^st c"/idinc3 that i^i 

&d r?03 other tcurcss. It ajv.--ai»s th

eh of tha r^t^riel !>2£ b 

^t thy rcc3sras of r3t2
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and probably ignaous injection have played the dominant 

in reconstituting an original aediraantary rook series into the 

form it bag at present.

ORIGIN. OF ^HE HIXSD £]I?i£? ^ireiT

It Is postulated that the ir.ix3d g^.eicc cutunit repryc^iits f*n 

original heterogeneous ceri.es of noM^vxt a^jillacaoi^ and/or ar^nic 

55dii33iitnry rooks which have b^ea reconstituted to ensietcs of the L 

bolita grada by regional r^ts73ori'his^ end h-iva beon in p~jrt o'  .:;icil 

reconstituted by r.3t.**.cr'-i <?at5.c action.

JMfeliiail S£0II^M2* SQV.7^1 r^c-tcra t,,,.-tify to tha c-r-'.^irvi 

5-di»xnt?:--y affinities of the nia-?d gneles r«ibiinit. Tha ra^io^:,! ^l 

Lutiou of tha Edison v-ait frcn 0113 li^b of tho Eetver L±!:a rr^icl.l: 

the other is eu/jg-setivo of n stratis|i*aj:hicn cc-iiblnuitj* TIi3 he v^roj 

character of the nixed ^sls 1? sniV-nlt as r^ifo,ut b Uvs ;-\-.T^r xl a^

layer aro eartainly in part a roil- yt .*..:« o-f a .-M/rii-y £:rc.lv ;i^t :vy r-ol^r 

gereity. Specifically, ouch r,>ck 3?crcrs ts t'-a g-i-ret-~bl^tlt.>^-illi! 

quarts {^h?isc hava hulk cccspoaitioKS '''.ich irust 'elcsolv c.n^cao*\ the 52 of 

^Jlir^it'iry root:-. e,g,, -. ^llnc-"^uj san<?c-t. : :»  ; » % Tn addition tha loc^l

a!r.;na-i-r.« of r.-;^ j'Jn;r?.l3 r.s MV;T. biotvt3 r.- 1 cilll:--iito crc jvii'.-ic

of

affinity,

Perhaps the aost exclusive q^rvr-titatlve evidonco of bhs c^dirontsry 

affinity of the ra'rcsd (:ne3.3S u;rtAnlt ic th3 vary high Si02 ^or-tviit (Tabld 16)
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and hi^h quartz to feldspar ratios (l&bles 4. and 5) in tha Bsagnatit*- 

qi iarts-IC-feldspar gnelas*

Ssnplc 145* Table 16, has a mineral oospogition tfclch corresponds

v?ry clocdly to that of the average »,£notite~^^t2^K-f ldx!par gneiss 

(corr-.-r.re the n^do of H5 f Tchle 4B to tha roenc In Tables 4 end 5). 

i:*r;03, tha chemical conposition of 345 (Tsble 16) r^U£?t bo vsiSTolcea to 

*. he L"-wr£i-*"O c-'T.^oE-itiion of t.t-6 ni;-rr!;?'tito-»»?^iiri"'t-2*"K-»fc*lclcjpsr g^siss end 

ih-5 nijcvd £fi3iffa cvburiit on tho i^olo* TI;e li^ijb^-irn SiO^ content of triple 

1A5 -3 76,/> per ci'^t vhic!i Is oonavfeat higher than nost nornsl igneous 

roo':B. AeUinlly tho Si00 content nay ha as erect a3 ^0 per cent in *.Mch 

C-S3 uio rock vo'Jld 0011*3c^ond to no bcnafids i^isous roo^« Cei*tain 

nl.-i: blt^s (ruddiiiitrn, 1929) and le«co^«nitog (Lr.yE5n t 19/»3) contain 76

rt . -.">*'. ^ *\ ' "^ r*' "» Ti F -' . »,*< -«a * o  *» r "  ' * "il^". *s nT*1 ,"^ 1^3 r?.'-s / r-.rjv*   *'^':T^ *^4^\ ^ et ?» ** "? ". ̂  *"1'**Ti w . -Is*. -» -! i-J,v. ^ o.«i .;  '^-is/wi y,-:-  -t *"* «3 » -.;lii'A t^O /   ^ Sr v-»i tT<*'-«' k.e.'.v'Q A3 cl .'...vii !-i il-Ui*

f '" "'t f ".!'"'""'*h ^*   'k '.''' v'Vt v»a * ^ c. n ^"0 T^">T> C'"5V*t i^i^^ lf--;v» *",?  . .  > ^ p r,\-> ***  «  ;   ^ f* ',: *' «$ . jf

to f-il'.lcjar i*ctio fcr r«rj*r:r.l in^ona ^iri.iiteo \jo»Jild t-a a^out 0<,^» It 

j/2v:;~;a *,*.^_fcl;y to :K:'c-3 that thlo ratio foi* ti,3 ;:sinple3 of rjijpotltt^c^uar'ts--

v

^ *  % /*%<*A T **^**^^.4.V * * ^*t*v ** * * # * -  1 "     -*^ » r ^ JP* T *** i t * ^ rV * / * f " "^* "; i*^'^ -I"1 '"ifc i*^* * cv j* Cf1 ** {^ J f*j I A^ 5-t v- **  ** ***\ r ** w -" -*  *T" t*J "-"* '* V" "i *"'- **  f

often zrz'teY thrxn O.B md tr,^ i.^,ui of fc'i^s r,iMo for the t-^T-l^n *c 0.76 

(Tiibls 5) or nenrl;/- tho ir^jy.Ir.i^ foi^ tha quavtir-feldapar ratio for- gy^Ziitos 

as datennirscd by Chr^^e (1932)» A5*5n it apjoars evident that tha za.njpe:tite.



qunrt2 "' feldspar gneJss and the mixed gnoies 0ubunit have Barked 0edi- 

njentaxy afftnitieo and not ifrnaoua affinities*

j. That tli© mi'^sd paciiss subunit has boon subjected to

otanorjihisa le bej-ouc! fill doub*. Tho veil devslopod 

jv.ic structures ev.rib 13 How cl^r.v^t1* otid Ilry3c.b5.on r.D veil as the c-h 

terirr.ic ^stciiorphic fabric of 1L? a^b:r:it provei that pi*a-existing rco^s

hivs Iv2-fii £rjbj&ct?d to the &^-ntn cf r-jtr^'.orphiuri. In r.d*Jltloa cuch cf 

ths Tiir:r-r,r'l cSF.cnblti.£;3 ia o!j*iract -i*iatic of rctu;io**phlo roe^s, <?«£, 9 

^&r.^t, £illl7ir.n:tte, TJjarc Se ro ev5/lancss in th-3 I'di^n croa to snigcsrjt 

-Jiat tv-^ro has Icon r-ore th^n cr,c, p.rlrd or r?tsr.orj.hior» (excepting rttnor 

retrcr;rfi:!i nytr.:^orpl.ic of.'^ctc). As cll^e^r ̂  prtivlo'jply tha ^rada of 

r:-t'-":'>vpM.t:i in t!:O :;iieon area ^^ 3nrllccL' "d uy tac pyro:v2r,o s;-a!?ite 

c .;.:?'.r.£? «::v*'^sp:>n:*s ^o t!:s v.-hLrolita f^oicj of ths AalroMa^ 

1^52). ^a idner?il -..'^^Mafp 5-i Vio ni*:^ ^.-.ire cubtu^t lc

cou^t^;^.~rt 5n s5:rJiIaj- rocVs in l\? 

and Lv.-I1ii"ijton t 19^9 » p« Cc>) ^uch 

to tti3 .I'-'^ibolit^ Tac^s (",u^:U^l- 

T102 c-'^t^^t of r. :i,^v3tito frcr: t^o 

lov (T-ib?.e ^4) t^nd li^lio^t^s a t v. .; 

tjo th^ lovsr r??:^ cf U:s t- . -.. T :-'.I -ai 

1953).

In ecKltlon "*"e rinrr^l r;3s^'.'l- 

cCti-^E^ond:! to th> nllliirrv-^ite-.^lr.i 

f^cfeg (Turns r, 1S»."»1, p. 45^}* 'Hi i

o- -;v--?rts-?%felisp^r rf 

of fc;j. atlon u>i^i c.ii 

S of tha A::'ron-;tcks (

i.: 

the

olfjs is

^a of ths 

S n is c!



by the aaseKblage sillinsnitd-alniaiidine-orthaoi^Be (-pla-ioclaro- 

ito^quartz) in echlcte of pelltio cozspoeltionj* (Turner, p. 457). 

Vith the exception of tho absence of plsgloclas© thio aeeasMaca corres 

ponds to that in the mixed gneiss &ubunlt. Thus, thera is adequate 

 widence that the jninoral Rcror-bl^c* °** the ^-"3 c-i&Iss erfeiit brt lc?i£o 

to tha identical ycotarorpVic csc.-.r/Ma^o C.R otb:r rcc'-3 in the ercr., i. c 

tba ar^phibolito facics.

£l£MG^S$l£3» ^ero is Q'c^-^t r!o- 

^tJL'to that the oricinl evdlrir.iitr..r7 rocks of the niscod cT-"' ? iBS &;*. -lii 

ha'vT3 bssn chonicilly -cconctitutod curing th3 r-0(.;I-~-nnl rotni^c^hi^i^ 

Tills chanlcnl reoonGtitv.tion has b:; c;i referred to ^o rer^rv^l :--.'t?L^ 

Ths tona n-stasor^iticra ar Ut*>c! in this pspor does not j.-.-cvj.^-^rilv ir^ 

th^t ratr.i^nl bars K^n iiitr^u-.ccd fr-:n extvr.r^ous ii-Jd c"ir*: .t t;:^^c^ 

tlthnu-h t:-1.3 r^iy of?,-;n Tre ihs c: ^; tho tc^3 nlso rofwrj to tha iv-r

coflr.itlori Is £::^>,'it:ii }>;,;i;v.---

t rocka (i. «., i- '^t^.V.:':i r_t-x-/ 

t obvious offset of r^t-^-^tit^ is x ]- 

high r^jr^lit? content of th3 entire 

.int of this r..:t-rirxl vlll ^ cHrrc-.:;: _..'>; 

o rones

It In

' !:;a clarrlfiod ^r^vioi. 

the r-i>:od j;n&Ioo c-'K-

^s^ trjV *uit io of :--5t^^: .?.Us c-^i;;ln. T>: 

;;o ir*:'-.; r/M c-- Id no* '. :. of n..-iml i^noc-u;: 

Ht-ii-vs, ths r/ot^ra'tii wilch la to aoir-c'r 

nint olthor hr.vo oriinated .tarin t*.-s s^

n
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oyd* or havs to be introd'-,:-^d from an out aide (diet ant) source.

Potassium enrichment during the sedimentary cycle might take place 

In eithar of tv» vsye, Pir0t f it IB possible that many of the original

sodir^iits of tha nixsd cnoips eubunit v*are of arkocic cairpositlon and 

rich in pj>ali faldepar (PettiJohn, 19/,9f p* 25B). 3uoh arkocas could 

provide anplo potassiura for tha fomntioa of the nincral ru^c.arr/hlar^, but 

in nd-iticn x/oiild a3&o frap^)ljr a consici^ra':!© r^iovuit of co-Uvra (FettijoJ-Ji 

1949, p. ^59). Kop5ver, as dasoribod earlier tho paucity of H^-feldcpur 

or any godiira minerals in the n?zod i^neics eubimit is otrikins. If the 

s.r*:o83 hypoth38la ~3 to be eon-rldcrcd it rrast be postulate'1! that eiV-^r 

the arkcD-3 V;3 vary poor in Ha-feldopar or that r^ny Kn-foldopir It ^vgr 

h:\V9 contaJn^d h?s barn oorp.lctsly i«.:-ovM from tho ni".od g-iolr'3 tu^-.nit 

A c>>ocnd i^ore IfV.oly noic> of cnrick.-nt of potac:;lua ic thrc-i^h the 

pvv.osr^-o of cloy yJLn^-^lg c^ach as non-;.<>r5,llc-alte and illite (Gr-X^, 1953)

rosional K'.:.*a*..-'Ji-phiEn of r'u;U cl'-iy :i5:;=r r-^l'2 cr/v-1 l*-,-;d to J:ho :'.*; /'/ <'.-.\.r..T: > 

jjreport5on or Al tain do-.3 IC^f^ar^-rvr t'ia ^?-lr:"ilt'":iCou3 'I^v~lo^.*'j.it cf

tho mixerl L:/.ci^s jy.Vtmit, rich in K-fel^^pir cari-y little or no t-U:i- /n 

Trus t)i*j *..;   -.;-»5on Jur,*.cC;7 nj to ir..vt kipo-:,-i>d to tl.o G-:«5?33 Al x''i 5 rh '.; 

ncva bcsa R!j.'Ci.;5«foi ;-U.h th^ yvT-t^-..:!1 -i la tlvi csri^iral c!L-y t- vic/?l': of 

w':ah Ip.jcrft, It ; :^p-:t Lo roc^vl&tod th:vfc a considerable f:-,iiut of i^d^&c-

O-." iT.'i.Cil C1 G-U .''JA* pff 't;"- F J i.lit'1 Oi7 rl7-H t "J-I'Ar,-i Oi* C-O-^il 'jCOif p.vi". O5 CVvU'IL 5 ;^! vT'O

re-lor>il rjsta^c-r^hic^. Vhu5 f certain l?^ors VB^O or.rich.sd in K (K~feld- 

epar) v*:ile others in Al (oilHnr.nifio). ruch a rfc-iistribiitioa procrocs
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5.0 dsowfrd teetacooatic no cording to the definition given above. Xnsanudh 

ae K ie csHch enriched ovsr ]<a in clay minerals (Grin, 1953) th« above 

vypothycia would satisfactorily explain the paucity of Na^feldspar in 

the i.izsd rrneies cnhunit.

Tha ufc5-quitous jr-folv'r.^r r/u^natite veins end lodes arc additional 

evlu^r.e--: ttet .'-i. cttec:. r.wis£ hrs been on important proc&sa in the mixed 

f v:*t? i^iUi^it. The r^^.rU'trs f.ro b^lierod to have bscn "fix^d" 

rt.lativcly 1& ta fui,1 aro fr::.c".'U^r4t «fv5.dcrica tl»at either K fron; the ori 

c-j.Jlr'^r.t^ cr frori e::tr<^:-:-'ov".s rc-r^vos hac psimatod r->st of the nirtad (paoit' 

^abtrjit. '?!; ? pci^ititof? c,pj^-v to c^ivy ncre K-fcMs^.r than th3 avxrrago 

rii?:rttIt2-;^i*t^-::'-fe1dep-ir ^^1^2 :^<i h^vxs a c^po.^Iticn similar to that 

p?t^sh rv^it*?. It i?5 y-r^pr^-i thct ths pj^.^itos r^iv:^nt an 

tp^.fn.-,tc  ! cv;rr;t?llizjd rvft.-l'.^t of cc:-vj rr^t^-c-^tio ^nuids" vhieh

 -

p--.,-t>d the ?i-7*d , 

Of t-ur- 5t 13 

<t' "  '} fr\vi '"'i > :~'-' ! " v->" '- 

5/1 'l-.ho A.rl'.r'v"'.^^"! ^T',." (

/ n A * J{ ^ ^ ,- i +.   ,. v ^ v 
,:il U.'.J-fcj l>-J.f;.i.^?I c.;n^- C

?:cr^y."r, cthe>» then '

~\ *^ ^  *. * "t *  * -* JJ ^~ - ^ * r . J

  h fit- r;.''--'iit-l^'i 1"'3 * :"ri;5 ro^.-dl 

[ u-'ro it Is 2ix>p'r;-r^ly

lecntify UM fervor

^n tirj an^i rpaca V>tv.'sn the hoi'n 

'r* in 1:0 Kp<jcifio orl^r^5 . 4 vv.i 

-iv'.-.^r/ j^-urc-o of :< 

/3corj:r.c -o iho id,M 0^:^1,^11;- ;.-cpo-^d b^ Gc-Xct^d^idt (19^1) 

"r-'vll r/?uS2C'\?.v.lf;- n .y tcko pl^r^ : / t}^ ;:A:c»lio;j of K c-nd Ka 07 o.c

Al.vO^ in tltci orjclplt-:,i:lri;: -rr-^k. In the "d;/r-cl rn^i^s tsu^i'nlt the 2--'  *  ^

of slllirr-riite lrK?ioatss tl^t this ^rocsrs &sy haw ts?:-3n p
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callyf if the original sedircant vac rich in aluainoue const ituontc 

minerals ) t K frosa an extraneous eource migfrt be readily fixod by the 

chemical combination vlth Al and Si to fora K-feldbpar. As indicated 

previously | i-ho variable proportions of cillicisjiite an 3 li-f^lclp^ar in 

tha riiEod f/ieies puhunit probably £3;xincbc! 12703 the Vuik cicrJLc.il 

composition rf the l^vctiato r.UIcn. Thus, le^rn rich in ri!3 Jr-.n't- 

aro poor In K- feldspar (Plr;:-r: /,). Thia i^.j.t-iM:/ in-iicr.tc.s t*'.at r.--> I 

fluids pon^tratsd thopa laj«3?c. Oil v,ho oth^r lund K-f*iH!-;>:.r rich 

l^vt-r? ara gc-n'/rally poor In rjillli'/j'.ita. Tiiis iniic.'.toi? that the

Al Xv>s ij£?ad up in of !^r

c^:ia r^C:i the col^ 

either c?.;-33 t!i3 d: 

tl.s civrco:?3 rf i.:-. 

In ;^r.i^v it

c: 41:: -."its or fro:- r.u> u r:t  .,.: ,;" ox?. r. ^:>j*i- 

o i'.hx^/.^on of K in t-ho ;.^h;\.?it v:uM 

Al fo^ tv ? fcv:--tic,i of }!,.-."ol^:. r.

^ firrjd o tho cr: .l^n^tion \ath /A a.:c! ri

It to pCL-'-'-il?.!  «.I ^h.t, tho 15.ii:.2 rich Q-al-u:«iu c??iriint- 7-rl 07 th^ 

rt?.l ?Titr>::r-i't-\jif5.i i'-^-l n;.;t'.-^xj,a\.i^:-i of en o^vinnl G-jr*^a oi* c" 7 ^ij 

ssodirx.-riti-iv roo^s* .live tbe enesis of the lir.vj rir^h sub^nit is
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to be essentially identical to that of the mixed gneiss sub- 

unit* ThQ principal differences between the two are considered to bo a 

reflection of the chemical differencac between the original Bedineatiu 

nf f j nit.T* Tho "stratigraphie" like distribution, tha

nature with r.lv.ernrJ-inr layers of distinct ehoirdcr.l and 

-/.r. ~.rr.log to oppositions and the ^-reccncs of n^taqiiartzitos and calcite 

r;ch la/v-ra r.il testify to *hc rir?-:od ry.xUr.cntarv- eff5.nitioa of the Ifr.o 

rich Dubunit. As is indie-tod or. ??.:,to 1 the Una rich mVunit lencoa 

cut abruptly 5.nto t!ie r.isc?d n110--^'3 svbunit, Ona cr^.ll bo:*^ of cr:--~^3 

of l^.v? i'icj'i tvp3 has bc;n r^p^-c-.d rail lo ih= GDiiih^t irlthln the ril;c-^ 

r-.*5.«s ml/unit. It is postulated that ths otrustur&l rrlatlonciLi^a
o * *

b:tv3^3 thoca two nibunitc is nlrplj a reflsctlc-n of c,n ci ! j^5:i-l c"=di«» 

!..i.r; ;:a^v rnlatlc^s-iip in ;.!o.?,t a ^r.-ri^s of c^lcc-reous fj:-d:"ii'.: :J-C ( n.ii.*o rich 

cu^tr.lt) rath-r nVr.iptly 3onr:.-:l C'lt in favor of ar^ill^^: ::-us p::dlj, - r*ts

l-v^lt t- o. n

iv; to rM

e^n bg cxp? ;?inrd en 

'^-:0 a'bs^nea of tv

ii i ri'u-oa to t!:;; -.?;i;--5 ',7

3 .-vvl h-vobl *vV in t .- - 4-

cf

.f Cf\ wVio'-» ^lUiL;^ ,-,11 t'.o .11 tc icr::: ru'.:h nlvrir^cs rln-./r^l

in tl.c Iri-s ric'; p-Umit i? ?hrrt*ct e

x,.-b5.o rocks f>f a )iirhcr than tha nlbitc-epidote



fades (Tumor 1951, p» 446). Th« mloroclina in the ntsad gneiss subunit 

end line rich eubunit ara eosantially identical* In both cases the oicro- 

olins is non-pcrthltio vfcfoh indicate a both crystallised at about the saos 

te:aporatura (Fovjcn end Tutt^e, 1950). It is cloar that the Ursa rich 

subunit belongs to the nrjia setnrcrphio faoica ca the lated gneiss rubunit, 

1. e,, c.:^>r,r^!it<> f acres.

In t.i.Utlcn tho r:4 .-» ::.*sl cc :  '.?  -bl«£e of tho lirsa rich aubimit corrs- 

^r.t>r.,",B to fcf to arr/:~;Mr:.j.: la i-io'rs cf tha r:tc'U.*olltc-lyrfii*-3 subrfioics 

(^..  ilbol't^ ^-c5ca) v*^eh hrra e;:c?3ss potaah (T^^rn^r^ 1951, P* 4i>5). This 

c«^«ri3ioc .Is eh.rav,:;V rlr>3 ly an c.cr'«nl>l£:3 of ^c-h nlncrals cs niercelins

p. /,^>). II". 3 hijh p-itcrb cento: it v-^ov^Tits tbs format Irn

;ll-3 :;r l^c:-1 -'^ (sn.llir.^ii.lto), Aceor^r:/; to the fa^'33

.^.o) t-.V-^ita bulr.^ to dif*c:vnt Kiiirra^C3

-"" Jr v-v !." t?'3 cilTc-^,^ i?> I"- .Ik c: V^- 

3 ^ :c' ;:iitj- .r~.i* t*"3 clifiV ;*£':* v'^:,-^ssl ri'- ^r:  

:-v:-Ir-:d ir;ivi* filial' ^?n:;:.tlc-:^ of c-r:L-*-"Xr

n^.-j ^lo'-ii:,: f-r *!  » J 7 '^ r'v'i t :j".-"-:;ft, it Is pr jtvj.it ̂ d thr.* 'C.n-3tir,r--

,. ... > t ,   V --  >- T .N . -. , ~» * - .-.:.-. V .^. ._, . . ~   n   t, , -,,.-,>,  * -v ^*» iV Jf  , -,V- - t-**,-ja..-, ..; -i, ij  -. ,. H -,.;.! ,'j,_'.^'.-   u  - .  ? t ,-3 .'II ^:ii ^v\?,C'^_3 0-^ w^-'-S , ' ---' -v«

Jt "o p:'j \ble t'-- ,t rv e c i'.-;* .a of '>/» K vi«t f^>:i the n5>:.*i ^ '»'--'-J '3 ruu:/ii 

 : !^ou;;h it la c^'.i'l/ «   -: *.Mc r'''-.t o1:^ 1C c:>vld lv.,vo cr^o d*r-v»t!l7 .Cwa 

cTay r:b?.-:. J>'":-.lf:. *:i tbxs ^rir'/^l r-.-^i: s.Tis of ^i-^ li:>3 rich c:^»'^it» As 

lofcro it in quite ;or"'lblo th-s * t::^ r>ijor tx-'tu'co of the K a-id pf»rh:ip»o
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eozspositlans of the biotite-quarts-oligoolaBe gneiB& fron the Adirondaoke 

ie BO similar to t! at of the graywacke sandstone* that Engel and Engal 

havs concluded that it is most likely the tjotanorphoeod equivalent of e 

grnyvaekd eedtemt. The ssna conclusion eser.B justified for tbs bictit-j- 

quart s~oli£ocl&.p® £nsiss of the !Iov Jezcoy Highlands f inar^i^h as ito 

is co plnilar to U.at of tha Adirondack enolnr and the tt*o 

ndstori^o, Although no chrrlcal cn^ly^as of t!-to blctltc-

giieir?J of tUs H'lj'jn ca'i-a is ov.illnble, rc...2 of th3 

0£L^T»l^i3 ors rJLr/jralo£ie?.!).y very c:biil:n- to Hot*to-q;iisrt2-^licccL?!:r3 

-&2i^ of tViO /.clirc«ndrc':2 a^i I'z'.i ^r-;cy Kishl^n-lg (Table 9) -nd v^ild 

vei lik'.^l have a ch^nl-jal ciaroaitic-ii niMil?.r t o thos-a of *ho r-oclto

o

in Table 1. <v\aXcjc-:s to Vi-s blc'oltc-qu^tjy-olliro?^::^ £i>?5.s

b?lijvod to hr.vo b:^rj ori^lr-sir/ a er^lv/.n^^-y roe': -,-/

f'-l-J!'rdi* g^^i^rf in Vu / ti:,^a\';-.-;^ c. i-.y -i 3: fc ;/j :.:r^-'.;-f.i",j of r""'.'c^ <!j5;:/--r 

I'liis it? n t the cc3e v^t'i c-.il/-~-;' of t'=e t:;> ^- :t l^s of ::-.,l- 3 Iv. L^-.l in 

Table 1» Ei^el and r,-r :-l (iv«3) h-;*3 f cv ^; th t in ihe A^^eniaare 'Lha 

biotit?.-quartc-ol5;V-r:Vj:,3 ^ rir-'s h\s be:/i r.r-r'.r^d by K-.^t^^.-.-.tira GO

..- ;^lu cf ui.rvliri*d &; *-*?   -- e

of J%: :,-:;. a r:c.".^t;;ii to t.:-3 c.\v:.-

..-

of tih-3 A

u e c^i^l:^! Mot It c- 

both t^r'^ral nnd



eineralogic ttodti.teatiana. With an increase in tht proportion of K- 

feldspar the original gudisses, "blend by subtle transitions into p?onit® 

sugen gneiss and gnsiscic granite," (op. eit., 1953, p. 1059). Tne £- 

feldspar content of the Mctite-quarts-feldspar gneiss of tha rficc^i 

area corresponds nost do: \1y to facico of tha Kernon typD p'^jiite & ^itz 

(op. cit. f 1953, p* 1066, riguro 7) f which is Vali-rsd to bo r. !dc'-U7 

modified fnciOB of the biotits-quf.rtr'-ol?i;oclciro grjei-^s of t-^ /,fi^c.. " ;/\ 

Or* the other hand tho fnbrlc of ths l.-iotitc«quc:rts-felc!cp'ii* r;-i:i?;3 r--' L"*^ 

Ildisoa area corroclone's to that of less 1'iodificd fc.?iGC of t"v'; 'i-Lobi*:- 

qusrti-olS^-oclaee ^CIDG of the ;/lir-c-r.ctic':o (ioae clt 9; iri^'-o ?)* 

5:p?clfioall^, the ffit:-ric coi'i'c-sr^rsis to ths i.!rr..-:titio nrd i jll folU*.;.;. 

(rith !di2or i^r^iyrabl;-iio devalorr--,-;) 0ta-3 of tho A^l^il,:T: rr^ir:. 

rolia'Ucn >-ni rdgritlLie l^crln- ly bf^cito ul.-/. r-:lta T>! .p,^-.':.

cn^lss era "both u>31 dovc'op^d in t?i^ ljf.ctio-:-^: .1 tc-r"*- %; 4 -"-' 

::diG.:n ;v-;a nnd 5V..i\ ?,;;i vvr -r* v-bla-ti<j cSv  ?.-:: -. - t :'-,

 *.nd foXiv.t5.oT! arv.l r.l^Tiuit -.3 -."l^  /- ! 

(Io3. eit., :iLiir-3 7). TI.v.s it is

the blotI-'::-..u-rt'.>f-a-:.,, ^ £;,r":-:; 

  :.\r-. nd :.-:,--3 of :..o;-ifl-.:.:r/.-j of ?

o

s to^;--a t-a c.^t-ct of ^3 onrtr>-!>»feM



6) in the Edison crea 10 analogous to the similar changes in the 

tiot its-quart 25-oligoolRD© gneiss toward the contacts of large granite 

najj.'C8 in the Adirondack?:. The biotite-quarta-feldspar gaoiss of the

riiecsi arsa is considered to bo & &n«ll scale facsimile of ci^ilm^ gneisses

cr& interpreted as regional aetosorphor . i and K-

Ar^lo^ouc to ths cir.:I3nr fps'r

opvirti:-feldsv>s.r gncdss pro:-:.h.ly hcl

r.lir-^I/ ]:- -vth.it ic cl:.-.r: r.tcr of t!:e 

niy rcrr>r:.:t a nino^rjl fr.cios of ^ 

the r/jbr.'cl {7aoiso or the lir; a rSah :

.7 )o rs

o

o

I^:;e3 to r

.??.lir. tt

1 -it r,3.1 1

-t *h3 ^:-

- --

s in the Adlron&ic^s the bictlte- 

^fs to the tk-nphibolits fp.cies. Tb

-reldspar iiiiicntes that the ^n

->^tlj* higher terr.vsra'tiura than ci 

'^ait^. Tliis cculd bo cx-plaicsd b/ 

eld.xxu* £:ioi!?3 to the quirt2~&- 

t-3 to Uo c-outhsapt. -:c3 difficult

p!'^ Plants In tha

n f.-r.a th::t of ^^ iAat-lx f 

K-r-:?ld^vir In t!'.9 ii^i\t^ 

tir* and G5 nonooUnic I^f

^avci-tsd to tha tviolintc p

- --

ho r.h.cL:'';-.?a 

rtu^ci of t 

r, 1954? i^i

- o c.»os

ia, 195^} f.uii *Vivx> to^n Interpreted in a ?ir:
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ORIGIR OF TIE QUAP.Ta>^.frX-DSr-AK GIESJSS

It is postulated that the quart s-IUfcldspar gneiBr> originated ty tho 

of e relatively mobile fluid {rat^n^?) which originated

vithln the r.ted gneiss suliunit. Thus, it is boll *vs it hat the origins 

of a?l the rocv.D of th© i/Iirjn unit arc clor-ely r slated,

The uniform r^t'ire of l>o c;uc.rtr/-!%foli:.p^_r £?v»5nr. so oi^sc'^^d In 

tho field, the r.vr i^iforn r.'r.'.rrl c*rr.r.:--itio3 as fonul bj v.o^al a-^lyn^s 

of rondoa sampler, (Tsblo 3 r.nr: n-uro 5) r-~.i tho i^lr-tivcl^ iir^'sfo^rr.d 

rijtv^e of tho fabric of tVa cv;ul tE-?:-fc-iar/-ir 57^1^0 ar^ ovid--:.c2 thtt 

tha gueias ori^in^tod by tho C-.^lr.ecr.xii ^nd co^tnllir-iticn of a fluid 

of mf-foisa oc^pi-.;Jtic/r. cVa'inj a ]4*to ut:.£.-> of ibo ro.^ion?.! rr-Dtsr-^r^hiir:. 

's^2 milfo^H ^-;t---7>of -tL-a i»c.u: ^l::o indic-to^ th:.t th^ *: -.; i-nt fluid \:^3 

v.uoovttfuiir^tod b/ ?;--IJ£ct:nt r-.-;^:g. In ac!uifcic,i tho Tyr-c*j=-:c-3 of a ff'-r.^le 

tvp3 of e--'h£.5r-l ^-^-1 in th^ quart ̂ -.-.T-f^l^^p-tr ^cxss *n c.^il^ct ^o 

the iuo v:r:*ot;.- of rs. ',:-..! :ni'.^n i.i :':-- : /: ...- '2 ^'^::^ r.v,^^r.:.t is r-,-d 

cvldsrc- that tho fc/- ; ./r i -.   ':  : ,-v;t-lAi'-4 Directly fi^r. ?i fluia R-d v-a 

rot e^t^-i t^d bv ^J-c--rc r'-e':^. v^3 -:-:,v if!c :.-ir-',-3 of the r..f-lc!-i:>d

r^.d th» i-tbc?^ hl-> 710^ ,:r:t.--:/i of tho :-..;: -^lit- (?-J>1e IP) both in il cut a«c

c 7?.0

^"n^tlf3d rsc'-n, fcr-;,:d ,-.t t.«i.v.-r

Althcuji It i th-rfc tl-

h t-bv.-it-. .r .>?.'ific-^l 

to vhat in -'.Jci-o^Ilnd 

I-V.,-.T th-;i riD^rn-lo^

vwf6ia^r:ir -.-Ira In

£r.-:<3 as b/ .T^^tcr^-itisr, it ic evident that
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then< 4« not a oontinuous textural or taineralogio variation between that 

gneiss and the quarts-K-feldspar gneiss (Tables & and 9)« There is a 

distinct textural and mlneralogio (chemical) discontinuity between the 

tvo. Rather than postulate that the quartz-K-feldspar gnoies is ths 

ultinato produce of K-astacortfitisni of tho biotits-quart5-fcldppar c^oits^ 

it JSTGES tjore logical to postulate that tbs qiierts-I 

fon:.3d by the direct crystallisation of K-rich-fluids I 

the fluids poavtiutod and >^>-!>3y nodifiei tha trljftco^t 

feldnp-ar gnsie*» In othsr x*>rdo tho cports-K-feldspar 

v5i*in.:iTy roc': and n^t tho j:.ro-,iuot cf 3 nodificd prc-c--l,'

*^* W * ** " *"* * *-* ^ --*  O* * * '***  ^    v-* - -*  

Cair.3t nlao^ite of tha Mii-cnlachs (r-ifcMlp^con, 1951). In Tabl^ 25 t. 

hftvo vxi^T" Elnil^r ; 'r*cr"ilo^y Vut cliffor ^'".^'Jiat in tholr bulk cc/^^f-

rm

s Ic a

rock.

iho tv.:> r^ckp is r^.rtli^, th-j io.tio of rC-r-?l-t'.]Xvr to ;7r.--":£lcU;-a* :'& 

cicv>iv;bl rvator in tho ^c -^- of tc.3 ,.tli:.-Ji fv.;-. 7/.1? i^ -tl.3 ^,>

the ^:?r

/^ f-.ulc-j has do 

tho rc/'lujt of c^:
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fluid (mag&a) and biotitio gneisoes. He postulates that the alaokltie 

fluid originated as a volatile-rich differentiate of certaia granite 

jcaeri&a in *ne Adirondaeks.

It is possible tbrrl the quart2-K-foldspar proles originated in a 

vay sinilsr to that of the (vimst al&r'dts of ths Afl'-cn-^.^s. The 

Mre£~nee cf garnet In tbs forr.sr rook aunjxscfts thr.t it r^iy h.avc been

thers is no positiv-a correlation b-3u«.;-jn fc!:3 ;.-r-C'c;."^5 of tho latter rock 

a -.d the aburj;l-.\nca of £Dr:;?t. ?urthor:-or3 f dllii-L'inite is cbjont from 

+ v -3 au.n*tr:'-I".'--fG-l'Jc-"-xir r-x:-i^5 c^var: in rv'^^s vhlch arc j:ibi!2^tely r

hi^n K-fAld^par ts K^-fr..s;.:?.*' ratio)

difficult t,o r'>ooncile if both r^:

;d v^r-y h-pj quart 

>n yiuh t!:e r;~r^et p.lisl- 

had tho G2"3 origin.

o r,zr/,\\~.i : '~.£ t'.s.t It is

o^t of 

dto is

To exlain

to o%oi«?n iv.:lto diiTo, 

of C"i*-^i*3 !:.:ii>"^. It 

net havo i.ivclr;-3.y t-h'

f uiiT«,--:

^'--: '">:f-?^-r i? o" :5-^^ could 

-ot ^l.-v * -i? cf th-9 //'I^o,:*

t 0^-7^ likely th';t I!-. 2 !> it^co xtr.i i cf 

br.'ilt c lit r-l.tt-vl co IKo oj ^ti; -l^f^:. 1,

fcr.^r ..ricf. :-s. If L/.yr.

i*oi^h a piccsjs cf :-..vta:i-/i'pMc 

yphtij.^^ then ths qttfirta-K-feld

^nfclatlon nuri^g rational 

oiss v^x^d repr^s-^nt tJw
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jselting11 residue of the mixed gneig0 mibtmit. Very likely the 

vtthin the olxsd gneiss subunit are the counterpart to the quart£«K~ 

gneiss in having crystallised from thecs sane K-rlch-flulas* 

the quarts~K-feldspar gneiss night be coasidoroa c? a very 

lar^ n:^' f̂ititsn lode of the identical '^igin r.r t>bo c-'.e-Il pa^r^Tit"

>rs s the p'rincipnl dif^er-uncs b.jtv3-a the origin of t, Tii q*.:urt

of the F4in^n ar3a f-.d tv.s j-,rr,et e,7r.£Vit9 of Tj,-?- 

/.aircndacns is related to tho nsd-3 of orlnr^ c^ ^^° alGS-t-.te flui<*.« fron 

v**.icb thoy grys*allies??, Jn t.-ha for;i.5r c.'iS3 thie flw.li *s bnliovc^ to

orijjir.?.! Grsuvilla typs se.'IIre-nts, v\ijrc'.3 in the iMutcr c£-L3 fi3 fluid

f^ t A.
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^TA^^^I? o^^t-j.Tv.-,: jo c^u', ' c

o

jo

(I) JT-Pr-'^

d .so ccsoc^d cti-; jo oj.a-ji.-u oq^ eta qvr-; (<;)

o*::! jo csccc-itl avr ; 
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Very probably the vehicle of tranoportation uaa a hot 
aqueous solution or possibly Q ^rapor ^hioih emanated from the 

source , . .

5 further,

The ohantiOls through v^hich the solutions circulated 
procur.ably afforded the ILOE! favorable opportunities for 
deposition of runo^al rstter, arsd such portions of th* rook 
natural!'/ bijrnro richer in rn^'tlte   «   In eoLia pl3cos 
t.h«re ISAV have bssu rGplsX'r.-snt of th-3 oi!5cates t;7 magneti 
     

Jfcx'c^a opinion i*3£::.r-Jir.2 the ^on^&ia of the ra^stito deposits do* 

n^t differ much frcn that ex*:/r.-r;--ed l-y B;\Tl9/ ar;d is turred up by Sins 

(1953) -^ iH-vsral stato-.^-ts;

T}\o tiour^j of crc-fcivilng1 fluids -yac a cooling ijjwoua

is
y o a isagvis, 
;tijjUnlly cn»

-iel.:d ^ voletilo c-':.r.-psr,::-:;te ho.s 1: -3-^:1 doscrlc^d b7 Bovoa 
(lv,^, p. 2?3). r^i-lnc r.T^^i'^tion ths r-s^i-Jnal liquor 
i^ r.-o-T-occiv:i l>' onr-icbcd Li I-^O ^nrl oth^r iiixiCir-«ilisoim3j l>vt 
tLvi-^ is :*D cciiaral ^^rco.:^;;t v'uthDi* lha nlnc'.v-li^rs civ*j?i 
off L/ the c-xJin^ iF^^cii^ i,r:^3 o^2f;v:o as a liquid or a ^ipor

of fr-.vo".'&>-3 ho

r.rri e-LMir7.5latr?.

roi'a, biiv-3 Isrga 
^: fc i had to riir^

h^-th.-;-l, c.-i-^ ir^-hl-h r,b. illtO iS,' *;^

than 
:a for 
1 a

>-*5 
3 a

fvo-i t?Jd ^ra-.;i

,r/ ;^;cr,ific i\lv:it tho

v*;*? dietrict 
f-d to form

01 t-w
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granite and alaakite* faring the progressive cryutal- 
11 Bat ion of thin magma a core mobile and highly volatile 
portion of the Ragma v&0 concentrated adjacent to inclusions 
and In the crests of oortain large anticlines* Thie nagna 
^Aiicfa consolidated to form alaokite f was split off prior 
to the crystallization of the pegmatites. Fxirther differ 
entiation of tho slackitio 2%^^a by prosrocs-ivs crycttl- 
lisation concentrated the volatilss still noro and the, DO 
ferriferous fluids cscntxsd frrn 5i& crystal c^ 
alen£ the td.crobroccl'?.t3d aoncr. t a~x2 rspl^co 
within these zones to fern r/i^stito bodies.

In contrast to a na^-o.tio origin of this iron oth-srs hr.7e postulated 

that the initial iron enrich", nt took pic ̂ 3 c\irln:j a socUrcntniy c;.*cle 

rnd that the narnc-tlts deposits r.i-a rr,ten-rphocod eodir^ntary iron l-5J!r. f 

(ritcliell, Io57). Lander£;ren (l?//*?) is st. onjly in favcr of l^.tJ.cl 5rcn 

 :r*ric?ir'-2iit during a sedir^nlsry (e^o^ano) oyclo rut eu£:.3 --ta that th'3 

iron has *a r.?jiy cc-.c^a toen nov&d aroimd or rc.'!:^:D.^.t^d cli^rin^ c-i^o^^uc-n 

cro^ny. TJ^ing bis tcKiinolocy latt&j.^rsn po^tul:,tos that th3 '.iltlil 

ii^n c:';rlch:.;-nt too!: plc.ca dvring th^ exo^ona (t^cllri^ntrry) etrc3a but 

thai this s'jdlj.jsatar r^tc^ial

In this tn L^-y^-i-r-n t,vVt ts ov.t *,h-:.t t!

o

r:-:.it of iron t^a^

tho r:"*^i,t^":'O f;:-jlo^icil

i>-!rr^*:n (19-^f p« 17/r ) suaD tip

at:- t\-.t th^ .";vl-.h-

10 cxll a s :r^-;i"?.> Me

tiwisport'xtf e«C« volutica

ci t-3 r>-^rtbt5 *,:ys ,U >;>r; 

r 3.5 oug tivjt-isf^i.* or- r.«2id



diffusion. Instead he sums up hie position by the following general 

(op. oit. t p. 158)t

A rertobilieation of iron In the endogene phase of 
dsvslopsHsnt may take pla^e under oertain conditions depend 
ing on the composition of tl<e material entering in the 
eniogsne phacs, on the content of volatiloc present, and 
on the tersporaturo.

/ja extrens view vh5ch has eons aspects in cosncn with Lsndorfv-^-i's 

opinions is that the iron erii*ic!iront took plc.c-5 by a pro ess a related to 

rjyV;"Y:orphic differentiation, c.ni that during regional r^ssiorpMra nnd 

r.otRSor.itica iron wao "driven out 51 of &xza rocks, and co*Je-?iitratcd and 

fixed In cth^r eitos (Racb^rg 1952, pp. 265-2&Sj D^vc-ra, 1953). Fro- 

rcr..7nA«c of t-hls hypo the sis £G "-c '^^y piopoc-3 solid str»to diffuL-ir,<i or

It ip pi^opo?.i;d that tl:o r^ 

3 £^l^-» Altho-si-h it is 

o e t-al-; of tha Iron in ^-zz

cra of trs^0oc-rt r.f tho iron. 

d5;>oyivy in the jvii^on nvca o.-o of 

t^a that the initial conceit vat 1- ,1 

t3 is <M-c?tI r-- li-sd to .-'->/.j

X*o ) It is pcstulit^d th,it t*,e r.^jr^h 

origin in tha £?d3iue thit ths ci?''f;5kn 

h?;^ l'5on ch; -lerAV -'^^^" jb'*-..t rd \r. 

f Irvn. It 5s c-:-:icsl^:;d I'vit -ii-3 ?.; 

,r:ir, -r/uX/ vUb t/ > i-' jicml ^;^u:.-^\-

o

01 /?

-. p--oo->:ss3^» n o-or v;o   -, 

is believed thit the r^^etHa '.^-8 Int/r, 1'K^d via iiv>i rich flnloj livi 

th-3 host rooks ^Iiring tbelr ferret inn, i. e. f d^.irin.j rational r.-ita-
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and metsccnatisnf and not after their formation. The 

of iron transport sitmif leant to the ganesif of these nagnetite deposits 

is not o?rtsiin, but r-Qvnrol aspects of thia problem are diami0eed«

&-\vr.?l lirsco of Gvicbnes indicnto thai the initial courcs of ths 

iron v:-;; fr.vi r^r-d'nl rolut'cns fcrr.'d froia the *>i-O£^v> csi'TO crj"stn?JLl#- 

s"'i3.c*5 of £Tinitlc ra^ja, ri^ot, thcj-3 are expsri^orvtal dr;te (Bovjn aii 

^ inr-r, 1935) ^nd potrolo^o d-ta Oh^r and Itecr, 1939, p. 153; ?cc 

192?, p. 2^^) liiioh inlicL'ta that the ft^:,olut5 content of iron 5.noraar;c 

'n -tv-c? Axo.":JdT :al lic/v'/'s of c'vnth^tic r.rits and bacaltio rcr.^pa f rccjXJO-I 

I'---r.--.^r >  :>..! j-:r>l'^-.ticn c.-f too--j dnta to ^^anitic ma-;-^ J"cy &ot ba cr^ 

I;/ jurtifl-i. ^Ir::,, (1^-53) hsliovvs that t:^o presoa:-Q of sr^r.otito in a 

VJ^-tt^ of br.tit I'oc^Q ;^ieh cs £rr-3i^3, c'r.^rn, nni grn-nlta is go^d c\i!c;i 

i-!-.-:t b>.; A:>.lMjl ir-'.-n u«^3.cr^ .r.-i ^H not t:>3 pl^os uu^Inr a r-ciir.c-A'.-r 

'-* r " -- - "

d.;--p*>cit3 oo?ur n ^ of reeks, h^noa Gi^s 1 re/. 

--la out ths j.cjaib*Uity tent 

iv-:.-:. 'UH in o'^.'r ?.c^t r : 

la a

o c!-3x;5itc ^ in a host r-sk of CIrevivills typ3 cui-i
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always located in the highland portion of the northwest Adirondacks where 

about 85 per oent of the rocks are of igneous origin. In the Greaville 

lowlands in the extreme north;»st Adirondacks Bagnetite deposits are 

absent and only ebout 15 p.2r osnt of the rocks ara of irncoun origin. 

Actually the mgnstito daporits in the Adiro:v2:ic?:s ars lc-:;;.-,'l 5.n bodice 

of Grenvilla tj'po cr*?icc&c vihtcb ni-e e-rplotcly tr-\rroiK3v::I l*y c^-r.*?itic 

rocka. This ooncistcr^t asr/colaiic-ri ad-is ctranjlh to tho h;."pothe?io of 

a rsfpitio origin of tho iron* It is clear tVat the crug of tKs :.5.;^vd 

s sj.tmnit aro c:;rocifltol vith roc*:s cf i^iaous origin, «3«2*/ h^>rc-

of this

^ ID f^/lit 

of ths .iron,

ation to tV:or;3 In t^o Ail 

ira tha ^.ou,'cj of th? /Ir/on 

evi«:v.^cn t--ii ths gru-aiti

c*r-u:::lo er-oloDod in the p 

iv-n 50 a - :.ilt ;. v.,. '.:ltj

to

could be the

'-at

In ^ % :.-'t

contain Iitt,l3 or 

If af. is ^^-jirl
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that conei^rabl* iron enrichment took place during the fractional 

crystallization of the granite magma. The non-pegoatitie magnetite bodies 

are al«o indicative of late stage enriohTaent of iron, but perhaps they 

owe their distinctly composition to a process of enrichr^nt different 

froia fractional crystallisation, e. g. f gasaoug transfer, liquid i!nr.i&- 

clbillty. In eny cae-3 it is propocjd that such residual fluid frrc: uhieh 

theea jp'ull mcnotito bodies eryst allied, may havs bos a th5 irr/sdieta 

courco of th:- major part of tha irc-a dapositrd in the? nl;v-i f;/:-5r>3 tvjrx::rlt.

Tliyra ic evicienca that c-:oxa of tha ircn in tha R»i:«d ni-/o5B3 rf.un.it 

5.3 of f^dli^ntary origin. This; ovi^Qnca ia related to ih-3 qi'-.r^it-it^^ 

-:ittrife;tica of rn-pHit^ aid prli^y h^ii^it^. ?:>3 ap.-r^tV h5rh 

ratio of h.:o?.tlt6 to rroMts in r?o";;5 cf dceSdud r^t.^^'-Ilrtnt'/r

n roc% :3 1.n tha 15na rich suV.uiit, nay fcc

o

3 or
.0 .' V ^ .*. .

ccisviviv^'? (as by r^.^n^tl'ri-^i'.'h 

i^i pr%n*bion of h&iA-slits. In ,-?d

no

ratio "ihh it^ro-^ in totn.l iroi c:-,iV-rb (rl^i^n 10

?»or:i.-lio d5^riUit.l'.a of j.- nd t:/3 linear fcrond

::*l rc-ok 

3 ID)
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js easily explained ao due to the irregular proportion of ferric iron in

th£ original sedinient,

It ni^ht be argued that during pro^reesiw crystallization of n

rr.rsnt granite insrraa the residual solutions vcr^e enriched ia ferrio iron 

r;-:vc that r.o7:*cca*7 to form jr&gr»tite. Henoe, hematite co^ld crystal- 

vies cl;r:.-ctlT frcTs pjeh flvidc ar/i ba of true endorse origin. Eovi'Vor, 

*,h3 r/A;'^ kits Vodljs jvc-viovsly diseuensd iMoh are acroc-r.ted with 

rr:--nit^s or. -3 bcllcn^d to ro^/re^ent the crystalliaad product cf rosid'j^JL 

flulic frcn thoei j^iT.nitcs do net contain nrirary heraatite. In ai-litioa

dop/..-lt5 In the OrenviPe rod:3 of "ho Ac!lrorid^a^9 

;cy Jcrr"7 (5ir.2, 1933) c^rxy If.ttls cr no prir.iry 

«:o ! );^.oh do o.:.r^y prliaiT' bcr^tlte c.^ntnin ccn^l<?2.r 

:c1 :n of t v;0 i^^ad gucics rul:-unit» 7hu!i, t-hci*s cp;-0£i 

'-'i^.t th-s n::-a,;75^tJte ore flvids carried Htt-le ci- r^o 

f-:u*:"c Arc^ in c;::.t?r3 of th^t n-c:-r--ary f-o ffvj^i r'i;.r'"ctito. It rJ.^ht t>3 

i^x-v:.:^ fv-t ;5CCh irm U.:r?,vj fluids crt:l«i l^ o;dt!.lr?i". \£*.i '^^'2-ht 

i»:-!:o Cf»:st^Cv \ath t'tro inf.A^a ^nsicc c^n^iit* Fo^ e:c^'X. Ic & rrl?t5vj /iljh 

I' 70 cvit .at of t>;?r>3 :;.??- "-tr.-OG rd^hi c-sv.se c»r-n;-ick,r^l? -^in^Mcn ox" a

of i.T 0

-TV. ".'/^jrr-.-i r. ;:pc ?tiv::l7. Vliuc if this pi j --'Jii^ lr,cl: rlrre 't

-w-iro ^re-o^toro^tilv Inr-o vol^:>if? of IiP0 to fc:^ th^ c^-u^t n- - * * w / 

t-r.iul.it3 in th? itr-c-^l gii^iss £^bur.it, I'his ncda c-f origin of



a q,TnOj:jj-vp c; ^.r «^,lCM j.

,cn jo

JO 2

S.C?HT^ e^:^ ^Dtpoc; ipr.s *

/.£*3 ^^

uj pc-uoy*ru

t; '&-;^P ***-GJ c^x5 s,*:v^ t. J^c-u O^^'.-XT^ 3 jo cc-j^n^

 .> jo o^

!3a£ cr; 

 paazoj

psocpa ©qq. irj; ao^f OJOJCBJ eq^ jo oios ^sse^ ^« jt 83 

aj  eow^d ejpiq. p-pvco uoj^vppco po^pajxuii esoo qo-piyi 117

do

®11
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product contains leee of the particular constituent than

the residual product. As these "parent* granites and elaskitee contain 

several per cent isagnetite, It IB Implied that their nagnas must havo 

been very rich in FsQ and **e 0-. Therefore, as there ia evidence that 

at least eosa of the iron in the nixed cr^iea submit is of 0odinentu.rjr 

(exogons) origin, perhaps Icncor^ren * e (19/3) hypothesis th^uld reo3ir^ 

raor^ considers"? ion» Perhaps all tho iron ir* t^a id4:^d c^siGC grjl/onit ic 

of redir-entary origin aad har L.>ja completely i^JirtrlbiTtsd cljrins the 

j^^ionsl neta^orphic^a and rs?tasoratim {^rrJo^-T-yiS cyilc), uo that tha 

i7!a^p^tita deposits Iiava talrcn on tha gx3olo£lcal cb?-racter of !ti'Anr;.:?.t5cn 

d^p-sits for i-^ioh t!*c source of the irou ya^ fro-n the dlffoTcr^ir. 

of £-.ran:ltio r.^rm*

Ail &d5.1fcio.' t .»l ^rrablon r.i*.ir--:;3 \;*.^n t.! ^ iv-.t\a«e of tv.3 i^rr^^nl t7.- 

is ec^Ma-orcnl. T}^ o^-^^pt of a ;:?/;*':  ̂ A* r.. ---.:.- h.--s b:--n -Xi^v-^ - : --.J 

j,revic-s. goolorrlsta (Ho--r3, i:^0y Hi^r.3, 19/,?) and ric>r.*.ly  ,!*.£; ^r:.v 

by Fint? (1953). la th-3 CG.-a or the i,---.^> ^C;,:3r.t 3 in ih9 r.  ;.:-! r 

s*,'Vinit thvr-3 is ab^^luT^I^- r^o ovi-d-^ncs to su-;*^3-jt tl^at s'-:ch an era " 

'^j iuj^ct.^d into V^e 4f.-.;io. -' :, Ko?i ir.«v.-£t lectors po^ ! %lat^ trut t : 

re^!<!nal ir^n-rlo> f?.uHs vc-ro- oit-h^r hj-Cr-oth-ari'-val cr 7*:-.?i;-nJvcl^tic 

bath.

It lc i.v?ll I'-O-r-vr* t:;,:fc fc^-c^i ai-a ferrii iron f^rn \*i-v vol^iol 

h-jlo^cn c^crp3y:::r; rc;i^, It !r s iV^.;;V;nt!y Txjon propcr/;d that II*OA 

''boiled off rif ihe r-?siduil «prsnite r^, p;-*?.s ft 3 cuch &r-
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nechonlsm of gaseous transfer offer* both an explanation of how the 

iron VQS initially concentrated from the parent magna and how the iron 

vac transported. Aside froa Its simplicity, there is no geologic evidence 

to indices that such a process was important in the formation of the

r -rr-ctito dopoeits is tha nlswd gneiss subunit, Tha absencs or paucity 

of* !:alc:;-3n conpcu'ds in the r«agR£tit3 dspositg or the associated rocks 

ri^-rcc this process evc?n lass tenable*

Vci*y little is Icnriva atout the solubility of »ia;:netito ia aqueous 

crlutiona at hirrh te^sr-turcs aid prossitras. Holeer (1952, 1953) has 

c  -.ri^.O'i f-i»t c^r.3 e2:;>.irij:i£mt2l uark ililch indioitoa that the solubility 

o-* lu^.u^t'ta in pure K^O is veiy slight birt that in rlldly acid \atcr 

it ifteiv-icos nroat-ly, Tr-;v;^VDrj raich rnoz»3 ir>fo2-^:,tion is n-?-3vIod bcfc^«3 

it can to poDitivolr co/c-ltdod that lar^a ar'ioirits of iron can bo c;irrl-d

." *«~^ "ft *' , t% f~: * <*  M ** 'i ~ ( l n -^ '5'»ri f * -   J**»^ "I "> c** "* -  v* *? "^ ."» ^s^-.'M'V ^'v'*^' A.   » '.^-- ! « '""tw^ I t':*f^Cf'-., i i" >. J-'-.^-C-  ] '»*.,-i .u. i i.- i'J i C^,,.* a-LvJ^o A J»'*tj t.3-   * jj. l^T;^s«. -w i,. j,'«v- .\)l Vj^'-lS,

^",,^-fy? «"-'r^ ) v^'^Td ^3 O"'-'"-'^^' " *j'~ '"' t^1 *''" Vv- ?* C*- '""' *  L >- 'i'""' ^ C «*'^ ^'f'^ «rf "1 r-^- >1^>«

P'.citiors, Cviicnaa Tor l--jf.s 1:23 cit^d In i':3 ,v:?tic,u on th? ^co-ivSi^l.rfciT1

vl*5ticn t'o relative c---sc;-?.:f,rrifeicn of v-,jmj?.r..?ir3 (in r-iv^t) ?.v«i Ivrivja 

'a X«r^lc.-;;,..r) In ne;;^tlt3 rioh l^r^rs is c'vi^:-a3 th^t fin ivc,a cro 

r5.d viib n. dlot^,-ct dc,-5, f^l cKT:>£jition ^tc-ea into th-s fo^-xb.lon of



content of magnetite and primary hematite, (Figures 10 and 11) indicateB 

that an iron ore fluid with a ferrous/ferric iron ratio distinct from 

that in the original eedinents of the rJlxed gneiss aubunit en-ered into 

the formation of the eagnstite deposits, Therefore, there appears to be

anple £i>Qorir::;ie°l evicbr.GD thst oor-2 £^rt of p.n iron oro fluid with a 

characteristic che;iiei.l cfopetition clid pity en ir.~:>rl:int part in the 

-sr.oeis of ths rd;r-d ! ~-ss cu£-inH ind th

of the p^:?c^i3S t7*i^rcby iron K^O tranc-

^CvS-: In i

vrtlc t- iv. v-:-i'y rich In /--

!'ct It i^r a p-:>rr^£lv^ or p^r- ' 

ani Inv^ra in th;> ru.:7.-i (^oics 

it j*:--A-:3 bs rrr.'-^i-od tli-t tlifl rmfr

o.» c-."-- r-a^v.y'cit3. Is iiO ovid?ne3

:\vr.i3^1o fcr \>s.. --.M ''li-5c!?». Inr.Ur^, tha 

.^lly ^-\L->^ p.- .-;: tlefcing r-ir^r.a rncerie

The ;.:a;;ne 

incUcc',t& that ?_2 j-r rsi»ont icily rapl^oed K«faldt?par during the



gene«10 of the magnetite rich layers. However, it is apparent fror.. 

Figure 3 that in the aagnetite-qusrtz-X-feldspar gneiss there is no 

preferential enrichraent of magnetite at the expense of SUfeldspar* If 

this ware the case, the ratio of quarts to K-feldspar should chow a 

cr>;;tinunl increase with increase in nr.^otito. The figure ehowe thr.t 

thore is no such relation ship. F^rthemore, thcra is a eharp m:n-^?,lrr'.l 

discontinuity batu&en the e~:::pl£s of rnf^etlts-quart3-!I-?eldsfpir cr*---~ 3 

tnd tb© masnatite-quarts gr.cieo (figure 3). if the lattor rock oriflri^t^ 

by tha preferential roplp.co^eat of r«feldsuir of the f-msr rock by 

f then a coatinucJ. ru-iieralo^io variation v^uld ba ejrx/cte-2.

.c, pure 
y'aj ^,!.

^

ral possible explc.~~ti i':is of the origin of tVia 
ruirta £ttsls3 layers. First, truca l^yors ray rt,pr\-»i:ont o. 
a-.-n^ytt-na layers \Aich hava besn partially roplaeed by j -._ 
*^c^*"ivl ? -?- Ue.i^ r^iSriti and jaataso.^tisa* Tha cbi^?ici cJ* r 

r=.rrr!etc;r*5 l^yo;--; u.v.ld rrevc!;t the fixition of r.n 'Ot ?>

^? tn5 3 cr..\1d c - ttu-.

to T-:.3 b-ich a I
-,.-. * f* 1? "T T V* "h-.r-'O  f
.- t w V   * .:»-£. ̂ J- I', i   W ^ ",.

» ^. v ... < J. -,_., * «,.<jc£~v3 r-.-v c---:

r :v~n3tltO"-i!£rtz

c: uld 1>3
*~ -  * - \ *

5:r.1*j7 or-..:.;h tc t
.-yls ;--^l3 (J; ^s, 195A). If '.Ms latter c v

c'-r-"-»^-i^ro of t}ic* cr5(;i}--:l i.:^ 
iho ecntuct i-^r-.ti:^s tsstv^r. V

l^c (--'?. .to f; >)

^vlal^od as t!u3 to I-r-:.r^r..'3-i v^tfcii?.i of ths ol-L^i* ivcn
-,«*  >» 'T^v,-, V-»,^--- » <-,-» -»"'<* .-»    }. n~\ Tc»'--i-» ^ » » 4-^ Si r  ,.,.....'- ,:*.,* w>c._ * ; . :<& ,'ic.^tt^ i-c,;^"-? u.t *3 i .'.C-i IG^>3i xll i*..--5 .^.^.r^:^  ,-* «.   

^-ciss at ^:s o^'i^-jct with l'->3 na;:n"-tltc-qt:ai'L^ (;-.:-:: 
)0 r^^n-'-iM^i i-v^, ctev. tn^j frc^i tha 1-^tor roc^ ^2
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Thara la no aridanoa w leh indloataa that tha nataaonatia a&plaotuaant 

of tha Iron poetdatad tha ragioz&al oataaorphian and metaaonatiea of tha 

isixad gneiss eubunit, Tha nagnatlta dspocits are structurally equivalent 

to cthsr raoseai of rock within tha irubunit, 1. e, f foliated, linaatod, 

folded. The fabrics of the ma^netite-rioh layers end the raagnetitft-quartz- 

K-feldcpar gneicfi appear equivalent, Tt,a f&brio of rag^atito grains 

F.ppcars nlEllor- to tha fabric rf essociated silic^ta fpraJjar-, If the 

olllcr.to grains are r.ark3d3y deforced BO aro tie i-acnctito grains (Plr^;c? /,}. 

In uilofcrmd samples of ^^jii©tite-<ivarts-K-f©ldspar ^n^icD t?ia caj-.iitite 

fcvcins ara c£.ila tfxtirrally ©quivtalent to the silicata ^T-rJnjj 1, e*, 

v;vJ?-foiT -.od (V'lstoa 3 arid 5)» Thsro aro no roaooio^ r.1^.3 lot^^an rr.a^'-tlt.a 

and sdj.icotit «llioat&3. Tlia data all iiidic^te that tho on tin n?.n:-i'«-»l

.S* S-^ f--C^ t.V^* ^^ that G3 irulicstfcd ^ tl^ nstrra of thrs fr.l-rio 

etHjCt".rre of ih3 rco"1 '^ ii the cii^uni* this >.rS*ir3 r,s,. n w-'/l-r^3 <1^7:ilo^ 

cl'tr-.;;;, tha p-^ric-d of r^s5o.i:;l r.-CTtrooviV/:; v; r-^J r-s'';^*--..'*!^*

Aeccralr;; to tbis viv^J t';s r.:ta.ionibio o^vl^--^^^ ?? - ?  ^;.;^ 

I» bitt iinothar ph^.c-s cf tha r.Sv.rir..orpr:ia ond nat^^cr.-itle 4 :r.=: T;v/-3g vu 

took p2sct> ^.n tho n5.jc:d cn-^ii;s ^bu/ili, 71*. s i^pl^oi. e^t of R.'r.o^r.ls 

ri^^tito i3 nlnilar ^;o Uo proc-: -s t>it var ^^ on !M 11:? fL.,.:- of 

fcL.!sj>-.r, i. e t , it v-.s --.rfe>.:I in c^t-in i^.^s at ^--.0 c:-;---*:^ of 

ct^sr i.:-ir;oi».:tlo y:; I «-3plot-,d in r-t. 1.: >r l[.yv:Tfl, 1.1 Ir^-ors \,^.:.--.-.3 i:.iL;.:i 

IMS £i^-.]o'i other c^?:.lifcv.o;jt3 ^?r-^ "iT.rs^^d o*r« K iir'^o b'ty^* ^ lc;",^^ 

Ja e*: c r^--''-^ )v^:.-tits 5^:^; .tt t!:e CJi>?siiD of sil5e^to^ r:i3 l-i oi"; 

j:lr.e-?e silic^t.33 ijrow at t"^ oc^nsa of naj.s'.sHts. In o^^onc^ t>.o e 

pr-oc^cro ie des^xid as r,i?tor-iorphic in !?jture in th.it ialnarr.l grains ^p'



from centers (nuclei) continually replacing marroundin£ 

ins, continually increasing In size and continually changing the nature 

of the £rain boundary interface vith adjacent grains. The relationships 

gt*en today eit^or zvpresont final equilibria erran^enant (with regard 

tc ninDr±l phn--^ i'v.ir p^r.in riroo and eh£;x5G f etc t ) or a nta^e of 

cr-/3tr.lliruti-n lo:. "*.r^ t-s :;uor. a fiml equilibria.

In iiuil au-:-:ir it is

*:<ced .-.i-rir,.- cub'init ;-r

i:ist ths i-ic^-otito dar.o,~its In tbo 

k t/roc r!ev::-!o^d aloi£j with othor 

^ a'.:! r-:;V,-3cr.iiti?£% It is t?15

Jt Is ':.-^5.1 th it f-3 ":-

it i:vj flirl'.s r/v 

, otc.). r-.. :-?,

f

.!,. :    3 I-/ r.?c?^-d'v.l ; .

^^3 cl---:;,-^\ts ^re of ^

- *" '" " * ' ""
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Plete 1. Geologie Map of the Area of the Edieon 
Magnetite Deposits, Sussex County, Hew 
Jersey.

PIU5-CAIH3PJA!;

*;TTJS ROCKS

Hypers th 5213 r>^«n

Orsenieh lofff fine to nediuia grained, iT-isooId £rsnita* Co.ip^soi 
of q-a?rts, laicroperuhita anrl ssicrc^ntiporthito with ncc^srDty h/per- 

, blotlte and :r*L;:ni-tits. Biotlto-rfjuart.s-rel^s^'ir ./uol: 3 end 
1^01*0 aj-o c^

roses 3 i,Tvr;lte (gp)

vOraMi, r.«-T iur3 i^rs.i^3rl, cnets.^oid g-^'idta an 5 alfisy.ita. 
q-^rtz, rj-cropssrthits ^no picrortnti^vrtMta with acaoDs 
h&^onbor^ite, ilco-ja^tietits, lib^c^ite nad homblori'Ioj 
fora,

Co^p-.-issi of 
iy f-i^>- 
rfct'i'--r unl-

for:3 co1. ioc-iticn, and u-irbr:- vi

Plak

Motltc

nblcrids [;>.-rIt3 (gh)

A-..Mbr..lit3 -/i^ ,:-ro abir.-

a vdt.n ftc:c*^^:
. Oo. ;.--.:-:.--?.5 of c^v-vrtc an?! :iV.:\o;. 

^^ .-':   -/.oil to. C-./it^v^r-:^^ vlth
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Pyroxane syonite gneiss (gas)

grained, uniform syenite gneiss* Composed of oligoclase, 
perthitio Edcrocline and ferroeagite with accessory ilraenoiaagnetite, 
il-acnite, hornblende, quarts and relic raicroperthita*

gneiss and rolsted fa 
ra rich subunlt) (gne)

Medina grained, well-layercxl gneiss* Ths gneiss 33 composed of 
variable proportions of the following sain^rals? qr^rtz, jslcr-tclirie, 
plegioclass, cpidoto, scapolito, pyroxene, hornblende, blotits, tf-^~ 
net, calclte, 2-oisIta, sphcio ^-nd oi*i53. ISpical fac'es ir.clwdo c;.i- 
rlotc  caipolitc«qu3rtz ^loics, horr.blcr^.c f'.nd pyr^:er-.c>~t;u!U*ts-f^Adr>'4 

, and biotitc-hornblondo-rijartz-foldspar gnolso, ot-3.

n^ed jne»isse3 with r^;n3tito

co:ipl«x gr^ip of jritl.'.ji 
ixrn^tito vlth ht-T-Vitito

corj^.-so^ wutly of cu.irts, ?.-f i-»jl '." s » -IT -:ni 
, rutile, bf.ot.lt?, pn.iTict, nrliii -ni

Is ths ':r^:--.j_n .;i
itit/,-Fil3i'"-,-iiit
iet-ite rich l^'o^    ch pojv.'Mto '.-ro psp ..;5-:

** (& .-3)

to
rassive, C^.-^osod of K-felcbj.-'-r ^n-1 ^i}ar-t2 v.lf-h 
tite ana bi-:,-'-\to. I-cc^"!/ iriV;rl*:y--"v>:! i^lth ^.l
r^l^is^* ^ 1  -""  ' ;'. 2 t- 3 'TjJ V C' "\.-stil-5#

ith local J'-?5-X-
Comosei of o 
K'.rn'jt .vid n.i
ere Iniv.vKl

-.-rh* vith
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Garnert>»blotite-^uartz>f6ld0par gneipi and related facie* (gng)

to coarse grained gneiss. Composed of quart*, oligoolaso and 
psrthltic ;2icr;>c3Ine vith garnet, biotite, hyporsthena, hornblende 
and ria..tnotite. Gorcvh^t hetsrogenoous with layers of ajapM.balitaf

, pe-7^ititc Rjid rare scapol it&-pyro3C©ne gneiss.

OF UlvGlTiTAIN" OHIGIK

',& gneiss (gno)

White, racvllun to coarse iT^ine^ and vtr/ gn9i»£«Jo« Conpc&oc! of 
cu?-ivta find ol.ir,ottlaB3 vith blotito, chlorite, nicroelinft,

ores. /jr-pilboHte and psgr^itito layora a^e
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Plata 4« Pbotoaioi?ograph staple 143* eagaetito-X-
quanta gnslsa f*o& the f&Lsoa &roe« (whita tt quarts | 
gray » stsdnod EJ-fol<Sspar| black » orosi ordinary 

*tf x 11)
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Plate 6h. Photoiiicrograph ssaple B-151f» (crossed

and qxvtrta are xnnoblastic with irregular 
grain boiEidarde?. S^io s-ib?*.9dral henatit3 plates uro visible. 
Sillirmnite ia subhadril and olon^ated parallel to the si da 
pinaeoirt. Kate tho strong prefosreti oric&Ttatian of all tha 
minerals. 55ia fabi-io of all the iiin^r-als appoai'3 equivalent.
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Plata 7. &K177
33 froa th9 Edioon Aral,

invo rrnoc-th (nat
i-bior;3 of
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ZS7

9. Pe-p'^tita lo:lo in tho e?iols3 mibtmit*

;^' fjr.2ic.i3,
rich layo.-.^. Tr*o roll at4 & is r^r&llel to tho 

r-rj t;?o tvo^l of ttis pcji^itlto loua *.s parallel to 
P<r..-*il. Tb^? too thin rir.jec*dr:its la/vsrs vMch crdioii 

:^ tv.o bxly of t!i9 p-jj^Abito Into tho
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Plata 12,
with Ek\rtit3» (vliltt - h aitito oi» 

» nagn«tit'3j dirk gray « 
ll^it, x 570)

Th3
fil-33 and spikes, Tno 
to tha ooViie.irAl plane and - 
the grovth of H-:a :

^i oclahe3ral n^tvork of 
i 'tablet io alsD parnllnl 

to fora a boivior to
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Plata 15  

dark
s heaatitoj nedtis* gray «

» llncaiit<5| reflected light, x

The host ilnailto contains large lensotf ar4 
very fine filra of hcnatltc. Thero ia a sizo diccontinuity 
b^ltteon tha largo lero^3 eod fino filriS« Tho lar^o 
of hematite contain e^iilai* fino fllia of ilf4O7iit9. 
lai%-;o lenses of henatitd f cmiod ^'a»ing the e?.?ly erta^o of 
tho exsolution hiotory and tho fine filrisa of hcoatlta aud 
ilmonite foraod du»In^ tho l^v;t otago of ex3?lntioa« Tho 
ra^netito tablets aro alv^i/a cirroic'dea ty an JT&crdte 
solvaje and of*ton Iciiso out abruptly into tho host llo&iite* 
!v3te the two patclios of altered ilaenite (settled 
on the far right of the grain*



Plato 16, Photomicro^apti e^plo 145,
(light gray h»st s hariatltoi g«iy Icrsca » ll^enita 
a:*4 nttile; gr-ay flat didka » rutiloj refloated 
li£jbtf x 920)

rutile.

Ths rutilo bodies aro oi*iocatod r-'ira^°l to th 
nd rhoi«lo:iQlral plr.aca, Ilnonito 13 subordinate



Plato !?  Photomicrograph &ci^lo 153» horaomtile. 
(nediun gray =s ratilej vSiito « henatitoi 
rofleotod light, ac 570)

Ratlle is Ii03t to Inrrro and er^ll leases of



Vt

Plata 13* Fhotonlcro^ph settle 153f i
(light &ray » ho^atito| tiocUum gray a 
dark gray = rutlloi roflc-ctod llglit, x 750)

Hemtlta is host to laesal Icsisoa and 
disks of nitlle and baeal tAblets of ssarut 
has bson c'^ohcd with HC1»
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